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SAFETY CONSIDERATIONS 



GENERAL - This product and related documentation must be 
reviewed for familiarization with safety markings and instruc- 
tions before operation. 



A 



SAFETY SYMBOLS 

Instruction manual symbol: the product 
will be marked with this symbol when it is 
necessary for the user to refer to the in- 
struction manual in order to protect the 
product against damage. 



Indicates hazardous voltages. 



Indicates earth (ground) terminal (some- 
times used in manual to indicate circuit 
common connected to grounded chassis). 



When handling or servicing equipment containing 
static sensitive devices, adequate precautions must 
be taken to prevent device damage or destruction. 
Only those who are thoroughly familiar with indus- 
try accepted techniques for handling static sensitive 
devices should attempt to service the cards with 
these devices. In all instances, measures must be 
taken to prevent static charge buildup on work sur- 
faces and persons handling the devices. Cautions are 
included through this manual where handling and 
maintenance involve static sensitive devices. 

SAFETY EARTH GROUND - This is a safety class I product 
and is provided with a protective earthing terminal. An uninter- 
ruptible safety earth ground must be provided from the main 
power source to the product input wiring terminals, power cord, 
or supplied power cord set. Whenever it is likely that the protec- 
tion has been impaired, the product must be made inoperative 
and be secured against any unintended operation. 

BEFORE APPLYING POWER - Verify that the product is 
configured to match the available main power source per the 
input power configuration instructions provided in this manual . 



WARNING 



CAUTION 



The WARNING sign denotes a hazard. 
It calls attention to a procedure, prac- 
tice, or the like, which, if not correctly 
performed or adhered to, could result 
in injury. Do not proceed beyond a 
WARNING sign until the indicated 
conditions are fully understood and 
met 



The CAUTION sign denotes a hazard. It 
calls attention to an operating procedure, 
practice, or the like, which, if not correctly 
performed or adhered to, could result in 
damage to or destruction of part or all of 
the product. Do not proceed beyond a 
CAUTION sien until the indicated condi- 



If this product is to be energized via an auto-transformer (for 
voltage reduction) make sure the common terminal is connected 
to the earth terminal of the main power source. 



SERVICING 



WARNING 



Any servicing, adjustment, maintenance, or re- 
pair of this product must be performed only by 
qualified personnel. 

Adjustments described in this manual may be 
performed with power supplied to the product 
while protective covers are removed. Energy 
available at many points may, if contacted, re- 
sult in personal injury. 
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1-0 



Figure 1-1. HP 12006A Parallel Interface 



INTRODUCTION 



SECTION 



1-1. INTRODUCTION 

This manual provides general information, installation, 
programming instructions, theory of operation, mainte- 
nance instructions, replaceable parts information, and 
servicing diagrams for the Hewlett-Packard HP 12006A 
Parallel Interface. 

1-2. DESCRIPTION 



b. 48-pin Connector Kit, part no. 5061-3426. 

c. Parallel Interface Reference Manual, part no. 12006- 
90001. 



1-3. 



GENERAL 



The HP 12006A is a multi-purpose parallel interface for 
the HP 1000 A/L-Series Computer. The parallel interface 
provides the capability for 8- or 16-bit bi-directional, high- 
speed transfers of data. A simplified block diagram of the 
parallel interface is shown in figure 1-2. The Parallel 
Interface Card (PIC) plugs into a single slot in the A/L- 
Series backplane (see figure 1-3) and is assigned exactly 
one select code. 

The card may be connected by cable to from one to 16 
devices, or to another parallel interface card (for 
computer-to-computer communications). Besides includ- 
ing registers for 16-bit bi-directional transfers, the paral- 
lel interface has a 4-bit command and a 4-bit status regis- 
ter so that it can control varied operations of a particular 
device, or interface to an intelligent device. The card may 
connect to +5 (TTL) or +12 volt devices. Thus, the parallel 
interface card is a multi-purpose input/output (I/O) card. 

The parallel interface has the capability of handling its 
own memory accesses (Direct Memory Access (DMA)), 
and of decoding its own instructions from the central 
processor unit (CPU). These features are performed by 
interface logic and an I/O processor integrated circuit 
(chip). This I/O chip and interface logic is referred to as 
the "I/O master." The I/O master is located on the card 
and performs all functions (instruction recognition and 
DMA control) necessary for interfacing with the back- 
plane. Figure 1-4 shows the parallel interface card in a 
typical L-Series system environment. 

1-4. EQUIPMENT SUPPLIED 

The standard HP 12006A Parallel Interface consists of the 
following items: 

a. Parallel Interface Card, part no. 12006-60003. 



1-5. 



IDENTIFICATION 



1-6. PRODUCT. Five digits and a letter (12006A 
in this case) are used to identify Hewlett-Packard products 
used with HP computers. The five digits identify the pro- 
duct, the letter indicates the revision level of the product. 



1-7. CIRCUIT CARD. The circuit card is identi- 
fied by a part number marked on the card. In addition to 
the part number, the card is further identified by a letter 
and a date code consisting of four digits (e.g.,A-2350). This 
designation is placed below the part number. The letter 
identifies the version of the etched circuit on the card. The 
date code (the four digits following the letter) identifies the 
electrical characteristics of the card with components 
mounted.Thus, the complete part number on the parallel 
interface card could be: 

12006-60003 
A-2350 

If the assembly number stamped on the parallel interface 
card does not agree with the assembly number on the title 
page of this manual, there are differences between your 
card and the card described herein. These differences are 
described in manual supplements available at the nearest 
Hewlett-Packard Sales and Service Office (a list of Hew- 
lett-Packard Sales and Service Offices is contained at the 
back of this manual). 

1-8. REFERENCE MANUAL. The manual is 
identified by its name and part number. The part number, 
12006-90001, is printed on the title page. The publication 
date also is printed on the title page. If the manual is 
revised, the publication date is changed. 



1-9. SPECIFICATIONS 

Table 1-1 lists the specifications of the HP 12006A Paral- 
lel Interface. 
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Figure 1-2. Parallel Interface Simplified Block Diagram 
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Figure 1-4. Parallel Interface in Typical System Environment 
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Table 1-1. Specifications 



DATA TRANSFER CAPABILITIES 



PROTOCOL : 



Transfers either 8 



or 16 bits at a time in parallel. 



RATE: 



CPU 

INPUT (words/sec) 
OUTPUT (words/sec) 
CPU-CPU 



A600 A700 A900 

850k 790k 740k 

730k 650k 500k 

typically less than 50% of output rate 



Conditions: Measured at the card edge in a quiescent RTE-A environment where 
the PIC was the highest priority interface. DVCMD- was inverted 
and wrapped around to produce DEVFLG. NOTE: k = one thousand. 

DEVICE INTERFACE CHARACTERISTICS 

+12V/+5V Device Interface: As delivered, the PIC is configured for +5V device 
interface. The +5V interface is best for high speed applications such as 
computer-to-computer communications. The +12V interface accommodates devices 
such as paper-tape readers and punches. Pull resistors R6 , R7, R8, R9 , RIO, and 
Rll from their sockets to enable the +12V interface. 



+5V Device Interface 




Device Command and Data Output 



Data Input 



V OL max 
V 0H max 
V 0H min 
I 0L max 
I 0H max 



270mA (sink) 
4mA (source) 



0.7V 
6 . 0V 
4.0V 



I IL max 
I IH max 
V IL max 
V IH min 
V IH max 



= 16mA (source) 
= 4mA (sink) 
= 0.8V 
= 2V 
= 15V 



+12V Device Interface 





Device Command and Data Output 



Data Input 



V 0L max = 0.7V 

V 0H max = 12 . 6V 

V 0H min = 8V 

I 0L max = 290mA (sink) 

I 0H max = 7.8mA (source) 



Il H max = 40UA 
I IL max = 0.8V 
V IH min = 2V 
V IH max = 15V 



Ij L max = 0.8mA (source) 
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Table 1-1. Specifications (continued) 



8/16 Bit Interface: Many paper-tape readers and punches, and most line printers 
only transfer eight bits at a time. When interfacing to such 8-bit devices, the 
PIC may be programmed to byte-pack in hardware (see Section III of this manual). 

Clocked/Transparent Mode: Most PIC applications utilize a device-flag/ 
device-command handshake, which is the clocked mode. 

In transparent latch mode no device-flag/device-command handshake is needed. An 
application where transparent mode can be used is sensing the state of up to 16 
digital input lines connected to 16 different devices. Instead of being clocked, 
this information is dynamically available to the user. See Section IV for 
information on this type of operation. 

PHYSICAL CHARACTERISTICS 

Size : 



Backplane Interconnects: 



Device Interconnects: 



POWER REQUIREMENTS 

+5 Volt Device Interface 

Voltage Current Power Dissipation 
+5V 1.94A 10.18W 

+12V 179mA 2 26W 

Total 12.44W 



DEVICE INTERFACE 

16 bits in (DATA) 
16 bits out (DATA) 

4 bits out (CONTROL or ADDRESS or COMMAND) 

4 bits in (STATUS) 
Device Flag 
Device Control 

OPERATING TEMPERATURE RANGE 

0 to 55° C 



17.15 by 28.91 cm 
(6.75 by 11.38 inches) 

Two 50-finger edge connectors which plug into two 
sockets (PI and P2 ) mounted on the backplane. 

One 48-finger edge connector on which a cable hood 
(Jl) may be connected. 



+12 Volt Device Interface 

Voltage Current Power Dissipation 

+5V 1.61 8.43W 

+12V 175mA 2 21W 

Total 10.64W 
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INSTALLATION 



SECTION 



II 



2-1. INTRODUCTION 

This section provides information on unpacking, inspect- 
ing, installing, and checking the operation of the HP 
12006A Parallel Interface. 



2-2. UNPACKING AND INSPECTION 

If the parallel interface is ordered with a computer, it is 
installed at the factory. When this is the case, it is neces- 
sary only to check the operation of the peripheral device 
and the parallel interface, after the computer and the 
peripheral device are installed. Checkout instructions are 
furnished in paragraph 2-15. If the parallel interface is 
ordered separately, inspect the carton containing the 
interface before opening it. If there is evidence of damage, 
if water stains are visible, or if the box rattles, request 
that the carrier's agent be present when the box is opened. 

Inspect each part as it is unpacked. Look for such damage 
as cracks, dents, broken components, detached parts, cor- 
rosion, water damage, etc. If any part is damaged, retain 
the carton, packing material, and shipping papers, and 
immediately notify the carrier and the nearest Hewlett- 
Packard Sales and Service Office. The Sales and Service 
Office will arrange for repair or replacement of damaged 
parts without waiting for settlement of claims against the 
carrier. (HP Sales and Service Offices are listed at the 
back of this manual.) 

After inspecting all components, refer to Section I, para- 
graph 1-11 to insure that no parts are missing. Also check 
the part numbers listed in paragraph 1-11 against the part 
numbers on the parts. If parts are missing, or if an incor- 
rect component has been furnished, notify the nearest 
Hewlett-Packard Sales and Service Office. 



2-3. PREPARATION FOR 
INSTALLATION 



2-4. COMPUTATION OF CURRENT 
REQUIREMENTS 

The circuit card obtains its operating voltages from the 
computer power supply, through the backplane. Before 
installing the card, it is necessary to determine whether 
the added current will overload the power supply. (If the 
circuit card was installed at the factory, the required cal- 
culations have been made, and it has been determined 
that an overload will not occur.) The current requirements 
of the parallel interface card are listed in Section I, 
table 1-1. 



2-5. INTERFACE REQUIREMENTS 



2-6. BACKPLANE TO PARALLEL 
INTERFACE 

All interactions between the parallel interface and the 
central processor and memory cards occur on the 
backplane. The backplane interface is therefore the most 
complicated interface on the PIC. Connections from the 
backplane to the PIC are listed in table 2-1 (connector PI), 
and table 2-2 (connector P2). 



2-7. CABLE RECOMMENDATIONS 

When fabricating cables for the PIC, a shielded cable with 
twisted pairs is recommended. The shield should be con- 
nected to the spring clip provided with the 48-pin connec- 
tor kit (this provides a connection to the computer chas- 
sis). The shield should not be connected at the other end of 
the cable. The ground wires from the twisted pairs should 
be connected to DC ground at both ends of the cable. At the 
PIC end, the ground can be connected to Jl-24, BB. 



2-8. INTERCONNECTING CABLE 
CONNECTIONS 

The pin connections for the interconnecting cable used to 
connect the PIC to a peripheral device are contained in 
table 2-3. This tabic, lists the signals at Jl and provides a 
place for recording your device wiring scheme. 



2-9. COMPUTER-TO-COMPUTER 
COMMUNICATIONS 

Computer-lo-computcr communications with the PIC can 
be accomplished with an interconnecting cable wired as 
shown in table 2-4. If twisted pairs arc used, the ground 
wires should be connected to pins 24. BB, or signal ground, 
at each end. If the cable is shielded, the shield should be 
connected to chassis ground. 



2-10. SWITCH SELECTABLE OPTIONS 

The switch selectable options are the 6-bit select code 
(U1S3-U1S8) and the device command sense bit (U1S2). 
The switches are located near the cable connector (Jl) on 
the PIC (see figure 1-1). The Virtual Control Panel (VCP) 
function is not implemented on the PIC. 
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Table 2-1. Backplane Connections, Connector PI 



Table 2-2. Backplane Connections, Connector P2 



P1- 


SIGNAL 
NAME 


SIGNAL DEFINITION 


1 


ICHID- 


Interrupt Chain In Disable 


2 


ICHOD- 


Interrupt Chain Out Disable 


3 


MCHID- 


Memory Chain In Disable 


4 


MCHOD- 


Memory Chain Out Disable 


5 


MLOST- 


Memory Lost 


6 


MCHODOC- 


Memory Chain Out Disable Open Collector 


7 


PFW- 


Power Fail Warning 


8 


SPARE 1 




9 


SCO 


Address Extension Bus Bit 0 


10 


SC1 


Address Extension Bus Bit 1 


11 


SC2 


Address Extension Bus Bit 2 


12 


SC3 


Address Extension Bus Bit 3 


13 


GND 




14 


GND 




15 


SPARE 2 




16 


GND 




17 


SC4 


Address Extension Bus Bit 4 


18 


SC5 


Self Configure 


19 


ABO 


Address Bus Bit 0 


20 


AB1 


Address Bus Bit 1 


21 


AB2 


Address Bus Bit 2 


22 


AB3 


Address Bus Bit 3 


23 


AB4 


Address Bus Bit 4 


24 


AB5 


Address Bus Bit 5 


25 


AB6 


Address Bus Bit 6 


26 


AB7 


Address Bus Bit 7 


27 


AB8 


Address Bus Bit 8 


28 


AB9 


Address Bus Bit 9 


29 


AB10 


Address Bus Bit 10 


30 


AB11 


Address Bus Bit 1 1 


31 


AB12 


Address Bus Bit 12 


32 


AB13 


Address Bus Bit 13 


33 


AB14 


Address Bus Bit 14 


34 


WE- 


Write Enable 


35 


DB0 


Data Bus Bit 0 


36 


DB1 


Data Bus Bit 1 


37 


DB2 


Data Bus Bit 2 


38 


DB3 


Data Bus Bit 3 


39 


DB4 


Data Bus Bit 4 


40 


DB5 


Data Bus Bit 5 


41 


DB6 


Data Bus Bit 6 


42 


DB7 


Data Bus Bit 7 


43 


DB8 


Data Bus Bit 8 


44 


DB9 


Data Bus Bit 9 


45 


DB10 


Data Bus Bit 10 


46 


DB11 


Data Bus Bit 11 


47 


DB12 


Data Bus Bit 12 


48 


DB13 


Data Bus Bit 13 


49 


DB14 


Data Bus Bit 1 4 


50 


DB15 


Data Bus Bit 1 5 
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P2- 


SIGNAL 
NAME 


SIGNAL DEFINITION 


1 


CPUTURN- 


Processor Turn 


2 


GND 




3 


REMEM- 


Remote Memory 


4 


VALID- 


Data Valid 


5 


IORQ- 


I/O Handshake Request 


6 


INTRQ- 


Interrupt Request 


7 


MP 


Memory Protect 


8 


RNI- 


Read Next Instruction 


9 


MEMGO- 


Memory Cycle Initiation 


10 


PE- 


Parity Error 


11 


SCHID- 


Slave Chain In Disable 


12 


SCHOD- 


Slave Chain Out Disable 


13 


IAK- 


Interrupt Acknowledge 


14 


IOGO- 


I/O Handshake Request Acknowledge 


15 


GND 




16 


SLAVE- 


Slave Request 


17 


GND 




18 


MRQ- 


Memory Request 


19 


GND 




20 


FCLK- 


Fast Clock 


21 


GND 




22 


CCLK- 


Communications Clock 


23 


PINT- 


Priority Interrupt 


24 


SCLK- 


System Clock 


25 


CRS- 


Control Reset 


26 


PON 


Power On 


27 


GND 




28 


BUSY- 


Memory Busy 


29 


GND 




30 


GND 




31 


GND 




32 


GND 




33 


GND 




34 


GND 




35 


+5V 




36 


+5V 




37 


+5V 




38 


+5V 




39 


+12M 




40 


-12M 




41 


+12V 




42 


+12V 




43 


-12V 




44 


-12V 




45 


+5M 




46 


+5M 




47 


AC02 




48 


ACjfe 




49 


AC01 




50 


AC/1 





Table 2-3. Cable Wiring List and Jl Signals 



CONNECTOR B j CONNECTOR A 


J1 


SIGNAL 








PI w 




NAME 


DEFINITION 








1 


INO 


> 










2 


INI 












3 


IN2 












4 


IN3 












5 


IN4 












6 


IN5 












7 


IN6 












8 


IN7 




> Data from device 








9 


IN8 












10 


IN9 












11 


IN10 












12 


IN11 












13 


IN12 












14 


IN13 












15 


IN14 












16 


IN15 


A 










17 


STO 


Status from device (lsb) 








18 


ST1 










19 


ST2 










20 


ST3 


Status from device (msb) 








21 


Sl.RQ 


Slave Request 









22 


+5V 










23 


SRQ 


Device flag (Service Request) 








24 


GND 










A 


OUT0 












B 


0UT1 












C 


0UT2 












D 


0UT3 












E 


0UT4 












F 


0UT5 












H 


0UT6 












I 


0UT7 




> Dat a to device 








K 


0UT8 












L 


0UT9 












M 


OUT10 












N 


0UT11 












P 


0UT12 












R 


0UT13 












S 


0UT14 












T 


0UT15 












11 
u 


bit 1 u 


Control to device (lsb) 








V 


CNT1 










W 


CNT2 










X 


CNT3 


Control to device (msb) 








Y 


SPARE 










Z 


DVCMD 


Device Command 








AA 


DVCMD 


Device Command 








BB 


GND 
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Table 2-4. Computer- to-Computer Cable Wiring List 



CONNECTOR A I 


CONNECTOR B 


NOTES 


PIN 


WIRE COLOR(s) 


PIN 


NOTES 




1 




A 






2 




B 






3 




c 






4 




D 






5 




E 






6 




F 






7 




H 






8 




J 






9 




K 






10 




L 






1 1 




M 






12 




N 






13 




P 






14 




R 






15 




s 






16 




T 






17 




u 






18 




V 






19 




w 






20 




X 






A 




1 






B 




2 






c 




3 






D 




4 






E 




5 






F 




6 






H 




7 






J 




8 






K 




9 






L 




10 






M 




1 1 






N 




12 






P 




13 






R 




14 






s 




15 






T 




16 






U 




17 






V 




18 






w 




19 






X 




• 20 






23 




Z 






24, BB 




24, BB 






Z 




23 
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2-11. VIRTUAL CONTROL PANEL 
INTERFACE SELECTION 

Switch U 1 SI must remain in the open (up) position. The 
Virtual Control Panel (VCP) function is not implemented 
on the PIC. 

U1S1 open: The PIC will not operate as a VCP 
interface. Transitions of Slave Request 
will be ignored. 

U1S! closed: This position is not to be used. 



2-12. DEVICE COMMAND SENSE 
SELECTION 

Switch S2 is used to set the device command sense to a 
high true or low true Device Command (DVCMD). 

52 open: Active high Device Command (high true) 

53 closed: Active low Device Command (low true) 



a. Set switch SI open or closed depending on whether 
the PIC has been selected to operate as interface to a 
Virtual Control Panel (sec paragraph 2-1 1). 

b. Set the Device Command (DVCMD) sense to high true 
or low true with switch S2 (see paragraph 2-12). 

c. Set the select code for the PIC with switches S3 
through S8 (sec paragraph 2-13). 

d. Turn off power at the computer and the I/O device. 
Install the PIC in the desired slot in the computer card 
cage. Components on the card must be on the same 
side of the card as for other cards in the I/O slots. 

When installing the card, use care not to damage 
components or traces on the card or on adjacent cards. 
Press the card firmly into place. 

e. Connect the appropriate cable from the I/O device to 
the end of the PIC. 



2-13. SELECT CODE SELECTION 

Switches S3 through S8 determine the select code for the 
PIC. 

Open switch: Logic one. 

Closed switch: Logic zero. 

S8 represents the least significant bit. 



2-14. INSTALLATION 

After insuring that the computer power supply can handle 
the added load, perform the following: 



CAUTION 



STATIC SENSITIVE DEVICE. Use Anti-static 
handling procedures (see page iii) when handling 
the interface. 



2-15. CHECKOUT 

To verify operation of the parallel interface card, see 
Section V, paragraph 5-3, steps 1, 2, and 3. 



2-16. RESHIPMENT 

If an item of the kit is to be shipped to the nearest 
Hewlett-Packard Sales and Service Office for repair, 
attach a tag to the item identifying the owner and 
indicating the service to be performed. Include the 
product number. 

Pack the item in the original factory packing material. If 
the original material is not available, good commercial 
packing material should be used. Reliable commercial 
packing and shipping companies have the facilities and 
materials to adequately repack the item. 
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PROGRAMMING 



SECTION 



III 



3-1. INTRODUCTION 

This section provides assembly- language programming 
procedures for the parallel interface card (PIC) and its 
peripheral device. For information on assembly-language 
programming, refer to the HP 1000 L-Series Reference 
Manual, part no. 02103-90007. In addition, A-Series users 
should refer to the HP 1000 A600/A700 DDL Program- 
ming Reference Manual, part no. 24612-90002. 

The PIC has many capabilities such as byte packing, han- 
dling its own Direct Memory Access (DMA), and decoding 
its own instructions from the central processor unit (CPU). 

There are two approaches to be taken when programming 
the parallel interface card: 

1. Programmed I/O. Simple input and output subroutine 
examples are shown in figure 3-1. 

2. Direct Memory Access (DMA), which offers the ad- 
vantage of very low central processor overhead. 





SAMPLE OUTPUT SUBROUTINE 


OPCODE 


OPERAND 


COMMENTS 


SFS 


PIC 


DEVICE BUSY' 


JMP 


• -1 


YES, WAIT 


OTA 


PIC 


NO, OUTPUT DATA 


STC 


PIC 


ENABLE DEVICE 




SAMPLE INPUT SUBROUTINE 


OPCODE 


OPERAND 


COMMENTS 


STC 


PIC 


ENABLE DEVICE 


SFS 


PIC 


DEVICE BUSY' 


JMP 


• -1 


YES, WAIT 


L I A 


PIC 


NO, READ NEW DATA 



Figure 3-1. Sample I/O Subroutines 



3-2. USE OF THE GLOBAL REGISTER 

Every I/O interface card (parallel interface, serial interface, 
etc.) in the HP 1000 L/A-Series Computer System 
contains a global register. The global register is located in 
the I/O chip and is a six-bit register which contains a 
select code. See figure 3-2 for a block diagram of the I/O 
chip. 



All global registers on all interface cards are controlled by 
the CPU, thus all global registers contain the same select 
code. The global register may be loaded with an OTA 2 or 
OTB 2 I/O instruction, enabled with a CLF 2 I/O instruc- 
tion and disabled with an STF 2 I/O instruction. When the 
global register is enabled, any I/O instruction which is 
executed by the CPU automatically applies to the card 
whose select code is in the global register. For the PIC, for 
example, if the global register contains the PIC's select 
code, the current I/O instruction is decoded and executed 
by the PIC. Using the global register to store select code 
frees the six least significant bits of I/O instructions (these 
bits do not need to store the select code of the I/O device 
which is to receive the I/O instruction). Thus, these six bits 
can be used to address a register on I/O interface cards. On 
the parallel interface card, there are six such registers: 
one for data, one for control, one for status, and three for 
DMA control. 

Data may be transferred to and from the PIC with or 
without the global register enabled. To access the PIC's 
control and status registers, however, the global register 
must be used. 

3-3. I/O INSTRUCTION SET 

The I/O master executes twelve I/O instructions as follows: 



CLC 


Clear Control 


CLF 


Clear Flag 


LIA 


Load Into A 


LIB 


Load Into B 


MIA 


Merge Into A 


MIB 


Merge Into B 


OTA 


Output A 


OTB 


Output B 


SFC 


Skip if Flag Clear 


SFS 


Skip if Flag Set 


STF 


Set Flag 


STC 


Set Control 



The six bit global register allows a maximum of 64 (deci- 
mal) select codes. The I/O master, however, executes only 
a portion of this maximum. Select codes 00 through 17 
(octal) are reserved for the central processor, leaving 20 
through 77 (octal) available for the I/O system. 
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CHIP BUS 
CBO-15 



r 



REGISTER FILE 



HI INCREMENTOR 



DMA ADDRESS 



CONFIGURATION ADDRESS 



SCRATCH 1 



DMA CONTROL WORD 



PSAVE 



ROM P 



MID BUS MUX 



LO INCREMENTOR 



DMA COUNT 



SCRATCH 2 



SCRATCH 3 



INTERRUPT MASK 



SELECT CODE & ID 



INSTRUCTION LATCH 



GLOBAL 



DIAGNOSE 



DMA MACHINE 



SRQ. MRQ 
MGO, MP 
LST BYTE 
VALID 







DMA 








CLA* 






i 


i 


I 1 


r 








DMA 






CONTROL 






LOGIC 





INTERRUPT LOGIC 



ICHID, IAK, 
IRQ, SRQ 



FLAG & 
CONTROL 
FLIP-FLOPS 



INTERRUPT 
TIMING 
LOGIC 



DMACYC. 
INTCYC, 
SACK, 
LOBYT 



DMAEN, 
DVCMD, 
LDMAR, 
REMEM 



SRQM 



IEN, 
PRDIS 




INSTRUCTION 
TIMING & 
CONTROL 
LOGIC 



IZI 



IORQ,DVCMD 
IOEN.IOCLK 



SLRQ 




SLAVE 




SLACK 


► 


LOGIC 


► 



■>• PLSLV 



*CLA: CUSTOM LOGIC ARRY 



3-2 



Figure 3-2. I/O Chip Block Diagram 



3-4. INSTRUCTION USAGE SUMMARY 



Bits 0 - 3: CTLO through CTL3 



Table 3-1 lists all the instructions recognized by the I/O 
Chip by their select code. There are three conditions 
relevant to the instruction execution. These conditions are 
as follows: 

a. Is the global register (GR) enabled? 

b. Do the contents of the GR equal the I/O chip's select 
code, (GR = SC)? 

c. Do the lower six bits of the instruction equal the I/O 
chip's select code, (IR = SC)? 

The summary indicates which conditions must be met for 
instruction execution by listing Y for yes, N for no, and X 
for don't care in each column. 

3-5. OUTPUT CONTROL WORDS 

Five control words can be received by the PIC. These 
control words are loaded into five registers. Four of these 
registers (registers 20,21,22 and 23) are located in the I/O 
chip and are used only in the DMA mode. These registers 
are described in paragraphs 3-11 through 3-13. 

One of the control words is used in any mode (DMA or 
non-DMA) and is the only control word necessary when 
DMA is not used. This control word is loaded into register 
31 (U44, U84), and may be sent to the PIC using an OTA 
31 or OTB 31 only when the global register is enabled. 

3-6. CONTROL REGISTER 31 

Register 31 control word is used for both DMA and pro- 
grammed I/O. Its contents usually depend on the type of 
device being used. 

Two control word examples are as follows: 



HP 2895 Paper Tape Punch 















15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 


0 


0 


0 


0 


0 


1 


0 


0 


0 


0 


0 


1 


1 


0 


0 


0 


0 


HP 


2748 Papc 


>r Tape Re 


ider 






15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 


0 


0 


0 


0 


1 


0 


0 


0 


0 


0 


0 


1 


1 


0 


0 


0 


0 



The definitions of the bits in register 31 are as follows: 



15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 


0 


TSTU 


SPARE 
1 


DFS 


DCL 


PLV 


LBY 
EN 


IRQ 
EN 


TSTL 


SRM 


DRM 


SNS 


CTL3 


CTL2 


CTL1 


CTLO 



Four general purpose lines that may be used to address, 
control, or handshake with various types of peripheral 
devices. These lines are latched onto the PIC during 
execution of an OTA 31 (global register enabled) and dur- 
ing DMA self-configuration, and constantly driven out to 
the peripheral device. 

Bit 4: SNS Sense Select Signal 

0 = Inverts all 40 status, data, and control signals trans- 

ferred between the PIC and the device (16 output 
data lines, 16 input data lines, four control lines to 
the device, and four status lines from the device). 
Therefore, this bit, if clear, causes a low true (ground) 
device interface. 

1 = All 40 signals are not inverted, and a high true (posi- 

tive) device interface exists. 

Bit 5: DRM Data Register Mode 

1 = Causes data register 30 (input data register, U53 and 
U83) to be loaded on each DEVICE FLAG signal 
assertion. 

0 = Causes data register 30 to act as a transparent latch 

so that 16 bits of data are dynamically available. 

Bit 6: SRM Status Register Mode 

1 = Causes status register 32 (U54, U64) to be loaded on 

each Device Flag assertion. 

0 = Causes status register 32 to act as a transparent latch 

so that the status is dynamically available. 

Bit 7: TSTL Test Lower Bytes 

Used by diagnostics to test the operation of the lower bytes 
of the control and status registers. 

Bit 8: IRQEN Interrupt Request Enable 

1 = Enables the assertion of ST0 to set the Interrupt 

Request (IRQ) line, thereby causing Flag 30. 

0 = Disables Interrupt Request from being asserted. 

Bit 9: LBYEN Last Byte Enable 

LBYEN enables early termination of a DMA input 
transfer. 

1 = Enables the assertion of ST1 to cause orderly shut- 

down of a DMA transfer before word count rollover 
occurs. 

0 = Prevents assertion of LSBYT (last byte), DMA con- 
tinues until word count rollover occurs. 

When this feature is used, ST1 should be asserted prior to 
the Device Flag accompanying the last word or byte. The 
assertion of ST1 will not be recognized until the Device 
Flag Signal is also asserted. 
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Table 3-1. I/O Chip Instructions By Select Code 



INSTRUCTION 


CI IklATIAU 

FUNCTION 


GR ON 


GR =SC 


IR =SC 


NOTES 


LI* 0 


Read interrupt mask 


X 


Y 


X 




Mr. ft 


Merge interrupt mask 


X 


Y 


X 




Ul * U 


Write interrupt mask 


v 
A 


X 


X 




ai r~ A 

CLF 2 


Enable GR 


X 


X 


X 




err o 
Sir 2 


Disable GR 


X 


X 


X 




it_ A r A ^ 

LI* 2 [ ,C) 


Read GR 


X 


Y 


X 


1, 9 


ni * 2 l , c j 


Merge GR 


X 


w 

Y 


X 


1, 9 


r)T _ A r A 1 

DT • 2 [ , C ] 


Write GR 


X 


X 


X 




at* An p a i 

STC 2 [ , C ] 


Enable Slave logic 


X 


X 


X 


1, 2 


1,0] 


Enable GR 










CLC 3 


BREAK to front panel 


X 


X 


X 


2 


HLT XX 


BREAK to front panel 


X 


X 


X 


2 


L I » 3 


Read P SAVE 


X 


X 


X 


2 


MI • 3 


Merge P SAVE 


X 


X 


X 


2 


0T« 3 


lAI-ll- P^ A A \ / r~ 

Write P SAVE 


X 


X 


X 


2 


1 T m Q P 

Li* J , L 


Head RUM r 


V 
A 


Y 
A 


v 

A 


o 


M T ja O O 

mi* J , 1/ 


ft i „ _ _ 0/^Mk4 n 

Merge HUM P 


V 
A 


V 
A 


v 

A 


o 


OT* 3,C 


Write ROM P 


X 


X 


V 

X 


2 


CCTf* Oft 


Oi,;« it r~i /™* aa aIaav 

oktp it FLCa 20 clear 


V 

Y 


v 
Y 


V 
A 


O 

o 


Sr 5 20 


Skip if FLG 20 set 


Y 


Y 


v 

A 




CLF 20 


Clear FLG 20 and FLG 21 


Y 


Y 


X 




STF 20 


Set FLG 20 


Y 


Y 


X 




STC 20 t ,C] 


| — j ■ AAA IX Ci ■ • 

Enable DMA self configuration 


Y 


Y 


X 




CLC 20 [ ,C ] 


Disable DMA self configuration 


Y 


Y 


X 




LI* 20 C ,C] 


Read DMA configuration address 


Y 


Y 


X 




Mf» oft r A n 

MI * 20 C , C] 


Merge DMA configuration address 


Y 


Y 


X 




0T« 20 [,C] 


Write DMA configuration address 


Y 


Y 


X 




C ,C] 


Clear FLG 20 and FLG 21 










Sr C 21 


ai.:_ :t p~i ^\ a a _ ■ 

Skip if FLG 21 clear 


Y 


Y 


X 


4 


SFS 21 


Skip if FLG 21 set 


Y 


Y 


X 




CLF 21 


Clear FLG 21 


Y 


Y 


X 




STF 21 


Set FLG 21 


Y 


Y 


X 




a t A A 4 r ai 

STC 21 I , C] 


Enable DMA transfers 


Y 


Y 


X 




Al A A 4 r AY 

CLC 21 L , C ] 


Disable DMA transfers 


Y 


Y 


X 




i t _ a 4 r a i 

LI* 21 [ , C J 


Read DMA Control word 


Y 


Y 


X 




m * 21 [ , c ] 


Merge DMA Control word 


Y 


Y 


X 




UT* 21 I , C J 


Write DMA Control word 


v 
Y 


v 
Y 


v 

A 




l , C J 


P"| y** A -i 

Clear FLG 21 










SFC 22 


pni ■ ._ ■ t p"i ^\ /-\ /~\ _ i 

Skip if FLG 22 clear 


Y 


Y 


V 

X 


5 


SFS 22 


Skip if FLG 22 set 


Y 


Y 


X 




CLF 22 


Clear FLG 22 


Y 


Y 


X 




STF 22 


Set FLG 22 


Y 


Y 


X 




CLC 22 [ ,C] 


Force DMA reconfiguration 


Y 


Y 


X 




it A A r a i 

LI* 22 [,C] 


Read DMA address 


Y 


Y 


X 




Kt T _ A a r An 

MI * 22 I , C J 


A J ^> u ^ p^ AAA 1 1 

Merge DMA address 


Y 


Y 


X 




A _ A A P An 

□T* 22 [ ,C] 


III • ■ P% A A A ■ 1 1 ■ - 

Write DMA address 


Y 


Y 


X 




[ ,C1 


Clear FLG 22 










SFC 23 


Skip if FLG 20, FLG 21, AND FLG 22 ALL Clear 


Y 


Y 


X 


6 


SFS 23 


Skip if FLG 20 OR FLG 21 OR FLG 22 Set (inclusive OR) 


Y 


Y 


X 




CLF 23 


Clear FLG 20, FLG 21, and FLG 22 


Y 


Y 


X 




CLC 23 C,C1 


Terminate DMA operation 


Y 


Y 


X 




LI* 23 [,C] 


Read DMA Count 


Y 


Y 


X 




MI* 23 [,C] 


Merge DMA Count 


Y 


Y 


X 




OT* 23 t,C] 


Write DMA Count 


Y 


Y 


X 




[ ,C] 


Clear FLG 20, FLG 21, and FLG 22 











3-4 



Table 3-1. I/O Chip Instructions By Select Code (Continued) 



INSTRUCTION 


FUNCTION 


GR ON 


GR =SC 


IR =SC 


NOTES 


SFC 24 


Skip if DMA disabled (DMAEN — asserted) 


Y 


Y 


X 




SFS 24 


Skip if DMA enabled (DMAEN — not asserted) 


Y 


Y 


X 




LI* 24 


Read Scratch 1 


Y 


Y 


X 




MI* 24 


Merge Scratch 1 


Y 


Y 


X 




OT* 24 


Write Scratch 1 


Y 


Y 


X 




LI* 25 


Read Scratch 2 


Y 


Y 


X 




MI» 25 


Merge Scratch 2 


Y 


Y 


X 




OT* 25 


Write Scratch 2 










LI* 26 


Read Scratch 3 


Y 


Y 


X 




MI* 26 


Merge Scratch 3 


Y 


Y 


X 




QT* 26 


Write Scratch 3 


Y 


Y 


X 




SFC 30 


Skip if FLG 30 clear 


Y 


Y 


X 


7 


SFS 30 


Skip if FLG 30 set 


Y 


Y 


X 




CLF 30 


Clear FLG 30 


Y 


Y 


X 




STF 30 


Set FLG 30 


Y 


Y 


X 




STC 30 C ,C] 


Set CNTRL 30 and issue DVCMD 


Y 


Y 


X 




CLC 30 [ ,C] 


Clear CNTRL 30 


Y 


Y 


X 




LI* 30 [ ,C] 


Read device data 


Y 


Y 


X 




MI* 30 [ ,C] 


Merge device data 


Y 


Y 


X 




□T* 30 [ ,C] 


Write device data 


Y 


Y 


X 




[ ,C] 


Clear FLG 30 










OT* 31 


Write interface control word 


Y 


Y 


X 




LI* 32 


Read interface status 


Y 


Y 


X 


8 


MI* 32 


Merge interface status 


Y 


Y 


X 




OT* 32 


Reset interface status 


Y 


Y 


X 


9 


SFC SC 


Skip if FLG 30 clear 


N 


X 


Y 


7 


SFS SC 


Skip if FLG 30 set 


N 


X 


Y 




CLF SC 


Clear FLG 30 


N 


X 


Y 




STF SC 


Set FLG 30 


N 


X 


Y 




STC SC [ ,C] 


Set CNTRL 30 and issue DVCMD 


N 


X 


Y 


8 


CLC SC [ ,C] 


Clear CNTRL 30 


N 


X 


Y 




LI* SC [,C] 


Read device data 


N 


X 


Y 


10 


MI* SC [ ,C] 


Merge device data 


N 


X 


Y 


10 


OT* SC [,C] 


Write device data 


N 


X 


Y 




[ ,C] 


Clear FLG 30 










SC = Interface select code 
Notes: 

1. The t ,C] is always executed even if the primary instruction is not. 

2. The SLAVE logic must be enabled; i.e., SLRQ LOW at power up. 

3. FLG 20 is set by DMA upon completion of self configured DMA block transfer which is not to be followed by another self configuration. 

4. FLG 21 is set by DMA upon completion of any block transfer which is not to be followed by a self configuration. 

5. FLG 22 is set by DMA if a parity error occurs during a DMA read. 

6. FLG 23 is the logical OR of flags 20 through 22. 

7. FLG 30 and CNTRL 30 are controlled by the Flag and Control flip-flops located in the I/O chip. 

8. The I/O chip indicates only that the select code is in the range 32 to 77, it is up to the user to decode any specific select code. 

9. Serial I/O cards, by convention, use this instruction as a card reset. 

10. When the I/O chip is in diagnose mode, these instructions fetch the following: 

Diagnose mode 1 — the interface's select code and ID word. 
Diagnose mode 2 — the global register and I/O chip status bits. 
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Bit 10: PLV Pulse Level 

PLV selects between a pulsed or a level Device Command 
signal. 

1 = Produces a Device Command signal, which is a pulse 
with a duration of one period of SCLK, or approxi- 
mately 227 nsec. 

0 = Produces a level mode Device Command. 

The Device Command is asserted upon execution of a STC, 
or automatically during each DMA transfer. The level 
mode Device Command is deasserted on a selected edge of 
Device Flag. Also, while DMA is not running, the level 
mode Device Command signal may be deasserted by clear- 
ing the Control flip-flop (executing a CLC 30). 

Bit 11: DCL Device Command Clear 

DCL selects which edge of Device Flag clears Device 
Command. This bit only has effect if bit 10 above is clear. 

1 = Device Command will be cleared on the opposite edge 

of Device Flag than that which caused the SRQ. 

0 = Device Command will be cleared on the same edge of 

Device Flag which caused the assertion of SRQ. 

Bit 12: DFS Device Flag Select 

DFS selects which edge of Device Flag causes the Service 
Request (SRQ) signal. 

1 = Positive-going edge of Device Flag causes SRQ. 
0 = Negative-going edge of Device Flag causes SRQ. 

Bits 13 and 14: Not used (spare). 

Bit 15: TSTU Test Upper Bytes 

Used by diagnostics to check the operation of the upper 
bytes of the control and status registers. 

3-7. INPUT STATUS WORD, 
REGISTER 32 

It is often desirable to interrogate a device as to its status 
in order to obtain such information as the cause of an 
interrupt or the state of a control circuit. Sixteen bits of 
status information are available in a software-accessible 
status word, which may be fetched using an LIA 32 or LIB 
32 with the global register enabled. 

Definitions of the bits in status register 32 (U54, U64) are 
as follows: 















15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 


0 


TS 
TU 


SLV 


DMA 
ON- 


PACK 


CN 
T3 


CN 
T2 


CN 
T1 


CN 
TO 


TS 
TL 


DFF 


FL 
AG 


DC 
SS 


ST3 


ST2 


ST1 


STO 



Bits 0 - 3: STO - ST3 Status 0 - 3 

These four bits provide the PIC with status information 
from the device to which it is connected. These bits can be 



latched into register 32 on each Device Flag assertion or 
they can be dynamically available, according to the sense 
of bit 6 of register 31 (see paragraph 3-6). 

Bit 4: DCSS Device Command Sense Switch 

DCSS indicates the setting of the Device Command Sense 
Switch. 

1 = Active high (high true) Device Command (DVCMD) 
was selected. 

0 = Active low (low true) Device Command (DVCMD) 

was selected. 

Bit 5: FLAG 

FLAG reads the logical sense of the Device Flag line. 
Initially, FLAG should be zero. This information is most 
often used for diagnostic purposes. 

Bit 6: DFF Device Command Flip-Flop 

DFF reads the sense of the Device Command flip-flop. This 
bit is most often used for diagnostic purposes. 

Bit 7 TSTL Test Lower Byte 

TSTL is used by diagnostics to check the operation of the 
lower byte of the control (register 31) and status (register 
32) registers. 

Bits 8-11: CNTO - CNT3 

These four bits check the status of general purpose lines 
CNTO through CNT3 of control register 31. CNTO through 
CNT3 of control register 31 are used for address, control, 
or handshake with various types of peripheral devices. 

Bit 12: PACK Pack Bytes 

PACK is the Q output of the PACK flip-flop. 

1 = DMA is executing in byte mode, with two bytes 

packed into each word. 

0 = Either DMA is executing in word mode, or DMA is 
not currently running. 

Bit 13: DMAON- DMA On 

DMAON- is the Q- output of the DMAON flip-flop. 

0 = DMA is executing. 

1 = DMA is not executing. 

Bit 14: SLV Slave 

0 = PIC is in normal mode of operation. 

1 = PIC is requesting slave mode (access to the Virtual 

Control Panel code). 

Bit 15: TSTU Test Upper Byte 

TSTU is used by diagnostics to check the operation of the 
upper byte of the control (register 31) and status (register 
32) registers. 
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3-8. DIRECT MEMORY ACCESS (DMA) 
OPERATION 

The PIC is capable of transferring data directly to or from 
memory (direct memory access). All control logic and 
registers necessary to supervise the memory transaction 
are contained in the I/O chip. Appropriate signals are 
available to the interface logic to signal when to enable its 
data unto the system data bus, when to receive data from 
the system data bus, and when to initiate the next inter- 
face operation. In addition, signals to the I/O chip indicate 
when a data transfer is needed and when an interrupt- 
requesting condition has occurred. 

Any given card has a maximum DMA rate at which it is 
capable of running. In order to achieve this maximum rate 
however, there can be no other requests on the backplane. 
Typically, there are other transactions on the backplane 
which degrade the maximum possible DMA rate. When 
the processor decides to fetch an instruction at the same 
time as an interface card is preparing for DMA, that DMA 
cycle can be held off for 908 ns. If an interface card is in the 
highest priority slot, it can be held off by the processor, or, 
in addition by a lower priority card doing DMA for a worst 
case of 454 ns per transfer. All DMA rate specifications 
given in Table 1-1 assume the card in question is plugged 
into the highest priority slot. When plugged into a lower 
priority slot, DMA rates can not be guaranteed when the 
additive rates of the higher priority cards are capable of 
consuming the total backplane bandwidth (2.72 Mbytes). 
Typically, however, even in a busy system, the backplane 
is only fully congested for very short periods of time, so 
that even the lowest priority I/O cards transfer at rates 
very close to their nominal specifications. 

3-9. DMA CONTROL AND STATUS 
WORDS 

Software DMA set-up and control involves five different 
control and status words, each of which is associated with 
a different register. Four of these status and control 
registers are located in the I/O chip. Their numbers and 
functions are listed below: 

DMA Register Number 20, DMA Self-Configuration Reg- 
ister, In or Out 

DMA Register Number 21, DMA Control Register, In or 
Out 

DMA Register Number 22, DMA Address Register, In or 
Out 

DMA Register Number 23, Word/Byte Count Register, In 
or Out 

3-10. DMA SELF-CONFIGURATION, 
REGISTER 20 

The DMA self-configuration register contains the address 
of the DMA triplets or quadruplets. A DMA triplet is of 
the form control bits, transfer address, and word/byte 
count. The triplet words are the words to be used in regis- 



ters 21, 22, and 23, respectively. A DMA quadruplet is of 
the form control bits, interface control, transfer address, 
and word byte count, to be put in registers 21, 31, 22, and 
23, respectively. 

3-11. DMA CONTROL WORD 1, 
REGISTER 21 

The bit definitions for DMA control word 1 are as follows: 
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Bits 0 - 4: Reserved for expanded memory. 
Bits 5 & 6:Not used. 
Bit 7: IN 

1 = Indicates that the direction of data transfers is FROM 
the PIC, TO the memory. 

0 = Indicates that the direction of data transfers is FROM 

the memory, TO the PIC. 

Bit 8: AUTO 

AUTO has different meanings depending on whether bit 
7, above, is set. 

Meaning on Output: 

1 = DMA control logic automatically performs the first 

data transfer once DMA is configured to output. 

0 = Once a DMA output is configured, the DMA control 

logic waits for the PIC to assert SRQ- (Service Re- 
quest) before performing the first data transfer. 

Meaning on Input: 

1 = Last input transfer will be followed by a DVCMD 

pulse. 

0 = The last DVCMD pulse will be suppressed. 

More specifically, AUTO will always be set on output. On 
input, AUTO will be clear for a device such as a tape 
reader, but for computer-to-computer communications, 
AUTO must be set on input in order for the DMA in the 
remote computer to terminate. 

Bit 9: FOUR 

1 = Indicates that there are four words to be fetched for 

the current DMA configuration. 

0 = Indicates that there are three DMA control words to 

be fetched for the current DMA configuration. 

Bit 10: REM Remote Memory 

1 = All memory requests will be accompanied by the 

REMEM (Remote Memory) signal, which disables 
standard memory and enables remote memory. 

0 = Remote memory is not enabled. 
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Bit 11: CINT Completion Interrupts 

1 = Inhibits DMA transfer completion interrupts. 

0 = Interrupt is to be requested by the DMA logic when 

the word/byte count rolls over (goes from -1 to 0). 

Bit 12: RES Residue 

1 = If set, and if DMA is enabled to self-configure, i.e., a 

STC 20 has been executed, DMA will write its word/ 
byte count residue into the location from which it 
read the word/byte count. 

0 = Word/byte count residue is not written. 
Bit 13: BYTE 

1 = Indicates that the DMA transfer is to be conducted in 

byte mode, i.e., each data transfer is counted as one 
byte. Byte mode transfers are packed, two bytes per 
word, with the left byte (bits 15 - 9 of the data word) 
being transferred first. 

0 = Each data transfer will be a full 16-bit word. 

Bit 14: DVCMD Device Command 

1 = DMA control logic will issue a Device Command 

(DVCMD) signal immediately following each data 
transfer from the interface logic. (After each word in 
word mode (see bit 13), after each byte in byte mode.) 

0 = Device Command is not issued. 

Note that normal operation of the PIC requires that this 
bit always be set. 

Bit 15: CONT Continue 

1 = If set, and an STC 20 has been executed, then at the 

end of a DMA transfer the I/O chip will fetch the next 
set of DMA control words and reconfigure itself to 
start a new transfer. 

0 = DMA will stop at the end of the current transfer. 

3-12. DMA ADDRESS, REGISTER 22 

DMA control word 2 is the 15-bit (bits 0 - 14) address of the 
next memory location to be accessed by DMA. The most 
significant bit (bit 15) cannot be controlled by OTA 22 or 
OTB 22 and will be the complement of control word 1, bit 7 
(IN) when fetched by an LIA 22. 

3-13. DMA WORD/BYTE COUNT, 
REGISTER 23 

The word/byte count register, register number 23, is a 
16-bit register whose value is the twos complement of the 
number of data elements to transfer. A data element may 
be either a word or a byte, as indicated by bit 13 of the 
DMA control word (contained in register number 21). 

The end of a data transfer is indicated by the transition of 
the word/byte count register's value from -1 to 0. (Rol- 
lover from octal 177777 to 000000 occurs.) This allows up 



to 65,536 data elements to be transferred at any one time. 
The memory size (32,768 words maximum) limits a word 
transfer to a length of 32,768. The hardware does not 
detect this, however, so it is the responsibility of the pro- 
grammer not to exceed this limit. 

3-14. DMA TRANSFER OPERATION 

A DMA transfer is started by configuring the DMA control 
register, DMA address register, word/byte count register 
and the output control word (described in paragraph 3-6), 
and then issuing an STC instruction to register number 21 
(DMA control register). 

3-15. DMA INPUT TRANSFER. An input transfer 
is defined as being from the peripheral device to memory. 
If the transfer is in word mode, a Device Command 
(DVCMD) signal and a memory access are generated im- 
mediately. If the transfer is in byte mode, the DMA control 
logic merely responds to the PIC with DVCMD and 
changes the sense of its byte indicator line (which indi- 
cates to the PIC which of the two bytes/word is involved in 
the transfer). When the second byte transfer is requested, 
the memory write request is generated. The memory re- 
quest goes directly to the backplane where memory access 
priority is determined by the location of the requesting 
card in respect to the processor (the closer a card is to the 
processor, the higher the priority). When the memory ac- 
cess request is granted, the data is transferred, the DMA 
word/byte count and DMA address registers are incre- 
mented, and the DMA control logic is ready to accept 
another data transfer request from the interface logic. 

3-16. DMA OUTPUT TRANSFER. A DMA output 
transfer is defined as being from memory to the parallel 
interface card. For an output transfer, a memory access 
request is generated immediately. As soon as the data is 
available from memory, it is passed to the PIC. The data is 
followed by a Device Command (DVCMD) signal. 

3-17. DMA TRANSFER TERMINATION. A DMA 

data transfer continues as described in paragraphs 3-16 
and 3-17 above until a terminating condition is detected. 
The terminating conditions are: 

a. Word count transition from -1 to 0. (Rollover from 
octal 177777 to 000000 occurs.) This indicates that all 
the data elements that were requested to be trans- 
ferred have been transferred. 

b. Detection of a Control Reset (CRS) signal. This signal 
is generated by the central processor during its 
power-up sequencing, or by execution of a CLC 0 
instruction. 

c. Parity error indication from memory. 

d. Assertion of LSBYT. 

Note that the PIC will effectively suspend a DMA transfer 
operation if the peripheral device does not assert Device 
Flag. 
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MEMORY 



CONTROL BITS 



TRANSFER ADDRESS 



WORD/BYTE COUNT 



TRIPLET 
CONFIGURATION 



■REGISTER 20- 



STARTOF NEXT 
TRIPLET/QUADRUPLET 
(IF ANY) 



MEMORY 



CONTROL BITS 



INTERFACE 
CONTROL WORD 



TRANSFER ADDRESS 



WORD/BYTE COUNT 



QUADRUPLET 
CONFIGURATION 



REGISTER NUMBER 20 POINTS TO THE STARTING ADDRESS OF THE TRIPLET/QUADRUPLET. 
THE "CONTROL BITS" ARE LOADED INTO DMA REGISTER NUMBER 21. 
THE "TRANSFER ADDRESS" IS LOADED INTO DMA REGISTER NUMBER 22. 
THE "WORD/BYTE COUNT" IS LOADED INTO DMA REGISTER NUMBER 23. 
THE "INTERFACE CONTROL WORD" IS LOADED INTO REGISTER NUMBER 31. 



Figure 3-3. DMA Self-Configuration Feature 



3-18. DMA SELF-CONFIGURATION 
FEATURE 

Also available in the I/O chip is circuity that enables the 
DMA registers (discussed in the preceding paragraphs) to 
be loaded directly from sequential memory locations. Upon 
completion of each successive DMA operation, the con- 
tents of register 20 are used as a pointer to the location in 
memory containing the next set of values to be loaded into 
registers 21, 22, and 23. As each register is loaded, the 
contents of register 20 are incremented, leaving register 20 
pointing to the values to be used for the next transfer. 

3-19. DMA SELF-CONFIGURATION INITIALI- 
ZATION. The DMA self-configuration feature is in- 
itialized by setting the value of register 20 to the memory 
address of the first word of a list of DMA triplets or quad- 
ruplets. A triplet is of the form control bits, transfer ad- 
dress, word/byte count. The triplet words are the words to 



be used in registers 21, 22, and 23, respectively. A quad- 
ruplet is of the form control bits, interface control, transfer 
address, word/byte count. The quadruplet words are to be 
loaded into registers 21, 31, 22, and 23, respectively. Bit 8 
of the control word determines whether a triplet or quad- 
ruplet is used. See figure 3-3 for the formats of triplets and 
quadruplets. 

Once the DMA self-configuration feature is initialized by 
setting the value of register 20 equal to the memory ad- 
dress of the first word of a list of DMA triplets or quadrup- 
lets, an STC to register 20 starts the feature. This STC to 
register 20 has the effect of simultaneously setting the 
control on registers 20 and 21 (to achieve an initial state 
for full execution). 

3-20. DMA SELF-CONFIGURATION OPERA- 
TION. After receiving the STC on register 20, the self- 
configuration control logic fetches the word addressed by 
the contents of register 20 and loads this word into regis- 



3-9 



ter 21. Assume bit 7 of this word is set, signifying a 
quadruplet. The contents of register 20 are incremented 
during the memory access. The new value of register 20 is 
used as the address of the next memory read. This next 
word is loaded into the control register on the PIC by 
means of a virtual OTA 31 generated by the I/O chip. 
Register 20 then is incremented for the next read and this 
new data is loaded into register 22. Register 20 is used to 
address the fourth word of the current quadruplet. This 
fourth word is loaded into register 23. The value of register 
20 is again incremented, pointing to the beginning of the 
next triplet/quadruplet. The DMA operation just loaded is 
then started as soon as the interface is ready (see para- 
graph 3-15). When the DMA operation terminates (see 
paragraph 3-18), if bit 11 of register 21 is clear, an 
interrupt request is generated. If the DMA operation 
terminated due to either an end-of-transfer indication 
from the interface or a word/byte count transition from -1 
to 0, and bit 12 of register 21 is set, the DMA self- 
configuration logic writes the word-count residue into the 
location formerly occupied by the current DMA oper- 
ation's word/byte count. Operation of the self-configura- 
tion feature is continued, as noted above, for the next 
triplet/quadruplet. 



3-21. DMA SELF-CONFIGURATION TERMINA- 
TION. The operation of the DMA self-configuration fea- 
ture continues as described in the preceding paragraphs 
until one of the following events occurs: 

a. A CLC to register number 20 is executed. This serves 
to inhibit the self-configuration logic from advancing 
its pointer to the next triplet/quadruplet, while still 
allowing the current DMA to continue. An STC to 
register number 20 allows the self-configuration fea- 
ture to continue. 

b. A CLC to register 21 is executed. This stops the cur- 
rent DMA operation at its present state of operation. 

c. A CLC to register number 22 is executed. This aborts 
the current DMA operation and causes the self- 
configuration logic to advance to the next triplet/ 
quadruplet. No interrupt is generated by the aborted 
transfer. 

d. A CLC to register number 23 is executed. This stops 
the operation of the self-configuration logic and aborts 
the transfer in progress. 

e. The first word of a triplet is read with the CONT bit 
clear, indicating that there are no further DMA trip- 
lets. This sets the flag on register number 20, which 
generates an interrupt request if the control flip-flop 
of register number 20 is set. 



3-22. FORMAT SUMMARY 

The following paragraphs contain a reference guide to all 
control and data word formats for the PIC. 



3-23. OUTPUT CONTROL WORD, 
REGISTER 31 
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3-24. INPUT STATUS WORD, 
REGISTER 32 
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3-25. DMA SELF-CONFIGURATION, 
REGISTER 20 
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3-26. DMA CONTROL WORD 1, 
REGISTER 21 
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3-27. DMA ADDRESS, REGISTER 22 
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3-28. DMA WORD/BYTE COUNT, 
REGISTER 23 
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3-29. DMA BYTE MODE DATA, 
REGISTER 30 
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3-30. SAMPLE PROGRAMMED I/O 
ROUTINE 

The following is an example of a programmed I/O driver. 
Assume that the global register has already been loaded 
and enabled. 



I .0 



NOP 
OTA 
0TB 
STC 
SFS 
JMP« 



31 
30 

30, C 

30 

-1 



LIA 30 
JMP 1.0,1 "RETURN 
JSB ERROR 



• OUTPUT CONTROL WORD 

• OUTPUT DATA WORD 

• TRANSFER DATA IN OR OUT 

• WAIT FOR TRANSFER COMPLETE 

• GET DATA INPUT 



RCV LDA 31 



JSB 1.0 



XMIT LDA 31 
LDB 

JSB 1.0 



• CONTROL WORD FOR RECEIVE 
MODE IS LOADED INTO A 



PROCESS DATA 



• CONTROL WORD FOR TRANSMIT 
MODE IS LOADED INTO A 

• DATA BYTE IS LOADED INTO B 



3-31. PARALLEL INTERFACE CARD 
INITIALIZATION 

The PIC responds to three different types of resets. There 
are two system resets, one of which occurs on power up and 
the other on execution of a CLC 0. When either of these 
events occurs, a reset signal is generated throughout the 
entire computer system, forcing every card into a known 
state. In many cases it may be desirable to reset the PIC 
card without performing a system reset. The third type of 
reset, which is an OTA 32 with the global register point- 
ing to the PIC, accomplishes this. (The value of the A 
register is inconsequential to the reset operation.) 

All three resets have exactly the same effect. Namely, 
each reset clears the DMAON flip-flop, the Slave flip-flop, 
the SRQ flip-flop, and registers 30 (output only) and 31. 
When these two registers are clear, all data and control 
lines being driven by the PIC are high. This results in a 
power savings of several watts over normal operation of 
the card. It is good practice, therefore, to execute an OTA 
32 whenever an exit from the driver is to be performed, or 
whenever the PIC is to remain idle over a period of time. 



3-32. VIRTUAL CONTROL PANEL 

NOTE 

The Virtual Control Panel program (lo- 
cated in the processor card ROMs) does 
not provide for VCP operation with the 
parallel interface. The VCP program 
must be modified if the parallel interface 
is to be used as a VCP interface. 



The Virtual Control Panel is an interactive program that 
replaces a conventional hardware front panel. Because the 
A/L-Series does not have a front panel, provision has been 
made so that an I/O interface card may be selected as the 
interface to a Virtual Control Panel. See Section II, 
paragraph 2-10 for instructions on selecting the PIC to be 
the Virtual Control Panel interface. 

A device being used as the Virtual Control Panel (VCP) 
provides control and access to the CPU in a manner simi- 
lar to a hardware console. It enables the operator to access 
the various registers (A, B, P, etc.), examine or change 
memory, or control execution of a program. The Virtual 
Control Panel program is located in a Read-Only Memory 
(ROM) located on the central processor card. 



Only one card in the A/L-Series system can be selected as 
the VCP interface at any given time. The VCP mode can 
be entered in any one of three ways: 

a. After power up, the boot loading program is directed 
to the VCP ROM program in lieu of a boot routine. 

b. The VCP interface receives a signal from the VCP 
device, signifying that the VCP routine is to be en- 
tered. In the case of the PIC, this indication is the 
assertion of the Slave Request line. 

c. Certain software instructions can cause the VCP 
routine to be entered as follows: 

1. An STC 3 or HALT instruction causes the I/O 
interface card to simulate a Slave Request. The 
STC instruction does not cause a Memory Protect 
violation, thus maintaining the system when the 
VCP program is entered. 

2. A CLC 3 instruction causes a simulated Slave 
Request after four instructions are executed. The 
CLC 3 instruction is used by the VCP program to 
allow the operator to single step through 
instructions. 

When the PIC is used as the Virtual Control Panel inter- 
face, its select code must be set to 20 (octal). 
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3-33. SUMMARY OF I/O 

INSTRUCTION USAGE 

The following paragraphs contain a summary of the usage 
by the PIC of eight I/O instructions, as follows: OTA, 
OTB, L1A, LIB, STC, CLC. STF, and CLF. Please sec the 
A/L-Series I/O interfacing guide, part number 
02103-90005, for a more comprehensive description. 



LIA/LIB 30 Inputs data from the peripheral device. 

LIA/LIB 32 Reads the PIC input status word (see 
paragraph 3-6). 

3-36. STC 



3-34. OTA/OTB 

Without the global register enabled, an OTA/OTB to the 
select code of the PIC will transfer data to the peripheral 
device. In order to control information to the PIC, the 
global register must be set up and enabled. An OTA/OTB 
to select code 2 loads the global register. Under global 
register control, the register addresses are defined as 
follows: 



Without the global register enabled, an STC to the select 
code of the PIC serves to set the PICs Control flip-flop 
(located in the I/O chip), thereby enabling interrupts, and 
to generate a Device Command (DVCMD) signal. Under 
global register control, an STC has various meanings 
defined as follows: 

STC 20 Enables the DMA self-configuration fea- 

ture. An STC with the Clear Flag bit set 
starts the transfer (see paragraph 3-19). 



OTA/OTB 2 Controls diagnostic mode of PIC (See 
Section V). 

OTA/OTB 20 Transfers self-configuring DMA starting 
address to PIC. 

OTA/OTB 21 Transfers DMA control word (see para- 
graph 3-8) to PIC. 

OTA/OTB 22 Transfers DMA starting address to PIC. 

OTA/OTB 23 Transfers DMA word or byte count to PIC. 

OTA/OTB 30 Transmits data to peripheral device. 

OTA/OTB 31 Transfers control word (see paragraph 3-5) 
to PIC. 

OTA/OTB 32 Performs a card reset. 



3-35. LIA/LIB 

Without the global register enabled, an LIA/LIB to the 
select code of the PIC will input data from the device. In 
order to fetch status information, or to read back any of 
the control registers, the global register must be set up 
and enabled. Under global register control, the register 
addresses are defined as follows: 



STC 21 Enables a normal DMA transfer. With the 

Clear Flag bit set, STC 21 also starts the 
transfer (see paragraph 3-15). 

STC 30-77 Sets the PIC Control flip-flop, enabling 
non-DMA interrupts. Also generates a De- 
vice Command (DVCMD) signal. 



3-37. CLC 

Without the global register enabled, a CLC to the select 
code of the PIC has the same effect as a CLC 30-77 as 
defined below. A CLC 3 (select code 3) will invoke the 
Virtual Control-Panel, which only affects the PIC if it is 
set to operate in this mode (see paragraph 3-33). A CLC 0 
generates a system reset signal (see paragraph 3-32). 
Under global register control, a CLC has various mean- 
ings defined as follows: 

CLC 20 Suspends the operation of the DMA self- 
configuration logic. Does not suspend cur- 
rent DMA operation. 

CLC 21 Suspends the operation of the current DMA 
transfer. 



LIA/LIB 20 



LIA/LIB 21 



LIA/LIB 22 



LIA/LIB 23 



Update 1 
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Reads next address to be used by DMA 
self-configuration feature. It is advisable to 
perform a CLC 20 before reading this regis- 
ter in order to insure its accuracy. 

Reads the DMA control word (see para- 
graph 3-8) from PIC. 

Reads the next DMA address. It is advisa- 
ble to perform a CLC 21 before reading this 
register in order to insure its accuracy. 

Reads the remaining word or byte count. 
Again, it is advisable to perform a CLC 21 
first. 



CLC 22 Aborts the current DMA transfer. If self- 
configuration feature is enabled, proceed to 
next transfer in the self-configuration list. 

CLC 23 Aborts the DMA self-configuration feature 
and any transfer in progress. 

CLC 30-77 Resets the PIC Control flip-flop, disabling 
interrupts. 



3-38. STF 

Without the global register enabled, a STF to the select 
code of the PIC sets the FLAG flip-flop (located in the I/O 



chip). An STF 2 disables global register operation. Under 
global register control, an STF has various meanings de- 
fined as follows: 

STF 20 Sets the DMA self-configuration Flag flip- 

flop. 

STF 21 Sets the DMA Flag flip-flop. 



STF 30-77 Sets the PIC Flag flip-flop. 
3-39. CLF 

Without the global register enabled, a CLF to the select 
code of the PIC clears the Flag flip-flop. A CLF 2, or any 
instruction to select code 2 with the Clear Flag bit set, 
enables global register operation. 
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THEORY OF OPERATION 



SECTION 



IV 



4-1. INTRODUCTION 

The parallel interface card is a multi-purpose interface 
card designed to transfer data between the processor or 
memory and a peripheral I/O device. A single parallel 
interface card can be used to transfer data between from 
one to sixteen different devices by using the four control 
lines as address bits. 

The PIC is composed of two sections: an I/O master 
section and a peripheral device interface section. The I/O 
master performs all of the I/O processing functions, in- 
cluding I/O instruction recognition and execution, direct 
memory accessing (DMA), and Virtual Control Panel 
(slave) mode processing. The I/O master consists of a 64- 
pin SOS (silcon-on-sapphire) chip, some Schottky mem- 
ory request logic, and data bus, address bus, and I/O chip 
buffers. The printed circuit layout of the I/O master is 
standard for all A/L-Series I/O cards and occupies ap- 
proximately one third of the card near the backplane 
connectors PI and P2. 

Figure 4-1 shows the PIC in a typical HP 1000 A/L-Series 
system. As shown, the PIC can be installed in any I/O slot 
(an I/O slot is any slot below the processsor card in the 
backplane), and then connected by a cable to the perpheral 
device. 

A six-bit select code for the PIC is set by a dual in-line 
package switch (Ul) located on the PIC. The switch pack- 
age consists of eight individual switches and is considered 
part of the I/O master. Six of the switches are used for the 
select code. The select code is used only as a means of 
addressing the card (and the peripheral device to which it 
is connected) and bears no relation to interrupt and DMA 
priority of the PIC. Interrupt and DMA priority are de- 
termined solely by the physical location of the PIC in the 
card cage. The card nearest the processor has highest 
priority, the card farthest away from the processor has 
lowest priority. 

4-2. BASIC PIC OPERATION 

The simplified block diagram shown in Section I, figure 
1-2 illustrates the basic operation of the PIC in the com- 
puter system. 

The I/O master, consisting of the I/O chip and other 
backplane interface logic, performs all interaction with the 
backplane. This includes decoding and executing I/O 
instructions and direct memory access (DMA) operations. 

For a complete description of the I/O master, see the HP 
1000 L-Series Computer Interfacing Guide, part no. 
02103-90005. 



A set of transceivers (U55, U65) buffer data from the 
backplane data bus to an internal bus on the PIC; or, in 
the case of data from the peripheral device, from the PIC 
internal bus to the backplane data bus. 

Two data registers are provided on the card. The data 
output register (U43, U93) buffers data from the computer 
to the device, and the data input register (U53, U83) 
buffers data from the device to the computer. There are 
two principal control signals, Device Command and De- 
vice Flag. The Device Command signal effectively turns 
on the peripheral device and the Device Flag signal is sent 
back by the device to indicate either the completion of an 
output operation or the initiation of an input operation. 

A 16-bit control register (U44, U84) on the card can be 
programmatically loaded. Four bits from this register are 
used to send control information to the peripheral device. 
These four bits may be used for such purposes as flexible 
disc control, or, as noted above, as address lines to select 
one of up to 16 devices connected to the PIC. 

Additionally, there are four bits of status information 
from the device. These four bits are part of the 16-bit input 
to the status register (U54, U64) and are available to the 
programmer to determine device status. 



4-3. 



DATA TRANSFER 



The PIC transfers either 8 or 16 bits at a time in parallel. 
Usually, the PIC is connected to a unidirectional device 
such as a line printer or tape reader, and uses the Device 
Command/Device Flag handshake protocol to control the 
data transfer. With this method, the PIC is capable of up 
to a 1 MHz DMA transfer rate. 

The PIC also can be used in environments where there is 
no Device Flag/Device Command handshake needed. An 
example of this type of application is when the 16 data 
input lines are connected to 16 different digital measure- 
ment devices or sensors. Instead of being clocked, the 16 
bits of information are dynamically available to the user. 

Finally, the PIC can be connected to another PIC and used 
for computer-to-computer communications. In this config- 
uration, for example, the PIC could be used as the Virtual 
Control-Panel interface (see paragraph 4-9). 



4-4. DATA TRANSFER SIGNALS. All data 
transfers involve the signals Service Request (SRQ), Ser- 
vice Request Acknowledge (SACK), Clock Data (CKDAT), 
Bus Control State 1 (BCS1) (for output data transfers), 
and Bus Control State 5 (BCS5) (for input data transfers). 
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Figure 4-1. Parallel Interface Card in Typical System Environment 



DEV FLG + 
SRQ — 

SACK- 
DVCMD - 




DATA FROM SYSTEM DATA 

DEVICE VALID BUS VALID 



1 . THE PIC ASSERTS DVCMD — TO START THE DEVICE. 

2. THE DEVICE ASSERTS A DEVICE FLAG SIGNAL (DEVFLG) TO SIGNAL DATA READY. 

3. THE PIC ASSERTS A SERVICE REQUEST SIGNAL (SRQ) TO REQUEST SERVICE FROM THE I/O CHIP. 

4. THE I/O CHIP ACKNOWLEDGES THE SERVICE REQUEST BY ASSERTING A SERVICE REQUEST ACKNOWLEDGE 
SIGNAL (SACK). 

5. THE PIC RELEASES SRQ ONCE SACK IS ASSERTED. 

6. THE I/O CHIP ASSERTS DVCMD ONCE AN INPUT INSTRUCTION IS DECODED, OR A MEMORY WRITE CYCLE IS 
GRANTED IN THE CASE OF WORD MODE DMA. 

7. THE I/O CHIP RELEASES DVCMD APPROXIMATELY 227 NSEC LATER. AT THIS POINT, THE PIC IS READY TO 
RESPOND TO THE NEXT ASSERTION OF DEVFLG. 



Figure 4-2. Input Transfer Timing 



Additional signals are required depending on whether the 
transfer is an input, output, and/ or DMA operation. These 
signals are described in the following paragraphs. 

4-5. INPUT OPERATION. An input operation is 
defined as the transfer of data from a peripheral device to 
the computer. The protocol for this type of transfer is 
illustrated in figure 4-2. A Device Command (DVCMD) 
signal must be issued in order to start the device. The data 
transfer then proceeds as shown in figure 4-2. 

4-6. OUTPUT OPERATION. An output opera- 
tion is defined as a data transfer from the computer to a 
peripheral device. The protocol for an output transfer is 
illustrated in figure 4-3. 

4-7. DMA OPERATION. Direct memory access 
operation bypasses the central processor; the PIC controls 



the peripheral device to which it is connected and controls 
all data transfers between this device and memory. 

DMA transfers involve all the data transfer handshake 
signals, and in addition, DMAEN, LOBYT, and LSBYT. 
Figures 4-4 through 4-8 show the various types of DMA 
transfers and how the appropriate signals are used. For 
most applications, and for most slow- and medium-speed 
peripherals, the DMA speed is not time-critical, because 
the peripheral's highest speed cannot approach the DMA 
rate. For these slow- to medium-speed applications, there 
are no timing constraints on the length of time that SRQ is 
asserted and on the use of DVCMD. 

For high speed applications, however, where full DMA 
speed is desired, SRQ must be released within (t - 80 nsec) 
after the leading edge of SACK, where t is the duration of 
one long half cycle of SCLK (System Clock). Word mode 
DMA must be used in order to obtain back-to-back mem- 
ory cycles. An absolute DMA rate cannot be guaranteed, 
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DEVFLG+ 
SRQ— 

SACK- 
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•SYSTEM DATA BUS VALID 



DATA TO DEVICE VALID 



1 . THE I/O CHIP ASSERTS CKDAT WHEN IT HAS DECODED AN OUTPUT INSTRUCTION OR IS PERFORMING A READ 
CYCLE AND THE DATA BUS IS ABOUT TO BE VALID. 

2. ON THIS EDGE, DATA IS CLOCKED INTO THE OUTPUT BUFFERS ON THE PIC. 

3. THE I/O CHIP ASSERTS DVCMD TO SIGNAL THE DEVICE THAT DATA IS READY. 

4. THE I/O CHIP RELEASES DVCMD APPROXIMATELY 227 NSEC LATER. 

5. THE DEVICE ASSERTS DEVFLG TO SIGNAL I/O TRANSFER COMPLETION. 

6. THE PIC ASSERTS SRQ TO SIGNAL TO THE I/O CHIP THAT THE PIC IS READY FOR A NEW DATA TRANSFER. 

7. THE I/O CHIP ASSERTS SACK TO ACKNOWLEDGE SRQ. 

8. ONCE IT IS ACKNOWLEDGED BY SACK, SRQ IS RELEASED BY THE PIC. 



Figure 4-3. Output Transfer Timing 



however, unless the PIC has the highest DMA transfer 
priority (that is, is the card nearest the processor in the 
card cage). 

4-8. INTERRUPT HANDLING 

Interrupt handling involves the signals Interrupt Request 
(IRQ) and Control Flip-Flop (CFF). The IRQ signal is 
issued to the I/O chip when the device detects an inter- 
rupting condition, and this feature has been enabled by bit 
8 or Register 31. This sets the Flag flip-flop in the I/O chip, 
causing Flag 30 to get set. If CFF is asserted (Control flip- 
flop is set), an interrupt will be generated. Regardless of 
the state of CFF, Flag 30 will stay set until cleared 
programmatically. 

4-9. VIRTUAL CONTROL PANEL 
OPERATION 

The Virtual Control Panel (VCP), or slave-mode, opera- 
tion involves the signals Slave Request (SLRQ) and Slave 
Acknowledge (SLAK). 



The VCP is an interactive program that enables a 
peripheral device (or a remote computer) to control the 
central processor in a manner similar to conventional 
hardware front panel. That is, it allows the operator to 
access the various registers (A, B, P, etc.), examine or 
change memory, and control execution of a program. The 
VCP program is stored in read-only memory (ROM) on the 
central processor card. 

NOTE 

The Virtual Control Panel program (lo- 
cated in the processor card ROMs) does 
not provide for VCP operation with the 
parallel interface. The VCP program 
must be modified if the parallel interface 
is to be used as a VCP interface. 



Note that the select code of the PIC must be set to 20 
(octal) when it is to function as the Virtual Control Panel 
interface. 



44 



WORD OUTPUT - AUTO 



SCLK + 
DMAEN - 
SACK - 

WORD INPUT 
SCLK + 
DMAEN - 
DVCMD- 

BYTE OUTPUT - A UTO 
SCLK + 

DMAEN - 

SACK - 

LOBYT - 



BYTE - INPUT 

SCLK + 
DMAEN - 



LOBYT- 



"\ r 



DVCMD - ~\ r 
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Figure 4-4. DMA Start-Up Sequence 



Only one I/O card at a time can be enabled to respond to 
SLRQ. Whenever an I/O card wants to enter the VCP 
mode, it issues an SLRQ to its I/O chip. The I/O chip then 
forces the processor into the slave mode. The SLRQ flip- 
flop on the PIC can be cleared with an OTA32. 



4-10. FUNCTIONAL THEORY OF 
OPERATION 

The following paragraphs contain functional theory of op- 
eration for the PIC. A detailed functional block diagram is 
shown in Section VII, figure 7-2. Reference also should be 
made, as necessary, to the schematic logic diagram con- 
tained in figure 7-4. 



4-11. PRINCIPAL DATA PATHS 

The I/O chip bus is a 16-bit bi-directional bus over which 
all data is transferred between the backplane and the I/O 
chip. The I/O chip receives and drives the backplane data 
bus and drives the address bus. For example, each instruc- 
tion fetched by the CPU is sent into the I/O chip via the 
chip bus; during DMA transfers, the transfer address is 
read out of the I/O chip via the chip bus. 

Tri-state receivers and drivers provide bus-to-bus isola- 
tion and drive capability, as follows: 

a. U57,U58: Data from backplane data bus to chip bus. 

b. U47,U48: Data from chip bus to backplane data bus. 
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Figure 4-5. DMA In-Progress Sequence 



WORD OUTPUT 




WORD INPUT 

SCLK+ 
SRQ- 
SACK- 
DMAEN- 
DVCMD- 
BYTE OUTPUT (EVEN B YTE) 
SCLK+ 
SRQ- 
SACK- 
DMAEN- 
LOBYT- 
DVCMD- 

BYTE OUTPUT (ODD B YTE) 
SCLK+ 
SRQ- 
SACK- 
DMAEN- 
LOBYT- 
DVCMD- 
BYTE INPUT (EVEN B YTE) 
SCLK+ 

SRQ- 
SACK- 
DMAEN- 
LOBYT - 

DVCMD- 





s 



BYTE INPUT (ODD B YTE) 
SCLK+ 
SRQ- 
SACK- 
DMAEN- 
LOBYT - 
DVCMD- 




y 



*IF AUTO BIT SET IN REGISTER 31 



Figure 4-6. DMA Termination Sequence 
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Figure 4-7. Two-Byte DMA Output Transfer Timing Diagram 
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Figure 4-8. Two-Byte DMA Input Transfer Timing Diagram 



c. U37, U38: Address from chip bus to backplane ad- 

dress bus. 

d. U27, U28: Card ID code (used in diagnostic mode) to 

address bus via U37, U38. 

e. U18: Address bus extension from chip bus to 

backplane. 

All data bus and internal bus management is controlled by 
the I/O chip (U67) and a state decoder (U46). While 
executing I/O instructions or executing DMA, the I/O chip 
controls the buses by asserting any one of several bus 
control state signals (BCS0-BCS7) which indicate when to 
latch or drive the buses. For example, BCS5 drives the data 
input register onto the data bus. BCS5 is asserted when- 
ever an LIA instruction with the PIC's select code is 
executed and whenever the PIC is performing a write to 
memory during DMA input. When BCS5 is asserted, the 
data input register (U53, U83) is enabled onto the internal 
bus, and the bus transceivers (U55, U65) drive the internal 
bus onto the backplane data bus. 



4-12. OUTPUT DATA PATH. The bus control sig- 
nal BCS1 loads the data output register. Once loaded, the 
data must be sent to the peripheral device. If DMA is 
executing in byte-mode output, the data must be unpacked 
into 8-bit bytes. The two multiplexers, U13 and U23, per- 
form this function. The upper byte is sent to the device 
first, so at that time, LOBYT- (Low Byte), a signal from 
the IOP chip, is high (is not asserted), thus multiplexing 
bits 15-8 into bits 7 - 0 of the output drivers. This sends 
the high byte to the peripheral device. After the next 
Device Flag signal, LOBYT- switches (is asserted), mul- 
tiplexing bits 7 - 0 into bits 7 - 0 of the output drivers, thus 
sending the lower byte to the peripheral device. Figure 4-7 
contains a timing diagram for a two-byte DMA output 
transfer. 

Before the output driver stage (Ull, U21, U31, U41, U51, 
U61, U71, and U81), 16 exclusive OR gates (U12, U22, 
U32, and U92) pass the data, with one input of each XOR 
gate driven by the control register. By this means, the 
data may be selectively inverted for devices which require 
ground true data. 

4-13. INPUT DATA PATH. The 16 data input lines 
are connected directly to a set of- 16 exclusive OR gates 
(U42, U52, U62, and U72), so that the data may be in- 
verted when interfacing to a ground true device. The out- 
puts of the exclusive OR gates are connected to two multi- 
plexers (U63, U73). During byte packing, bits 0 - 7 of the 
data input then can be latched into the upper byte input 
buffer (U83). A timing diagram for a two-byte DMA input 
transfer is shown in figure 4-8. 



4-14. DEVICE COMMAND/DEVICE 
FLAG INTERACTION 

The DEVCOM flip-flop (U105) can be set only by a 
DVCMD signal from the IOP chip which is asserted upon 



execution of an STC instruction and, in addition, on every 
DMA transfer. During non-DMA operation, the DEVCOM 
flip-flop may be cleared by a CLC instruction, and is held 
clear when the Control flip-flop (located in the I/O chip) is 
not set. In either case (DMA or non-DMA), the DEVCOM 
flip-flop is cleared by the DEVFLG signal from the periph- 
eral device. The DEVCOM flip-flop can be clocked off by 
either edge of DEVFLG. The edge is selectable by bit 11 of 
control register 31 (if bit 11 = 1, DEVCOM flip-flop will 
clear on the opposite edge of DEVFLG than that which 
caused SRQ; if bit 11=0, DEVCOM flip-flop will clear on 
the same edge of DEVFLG which caused SRQ). 

The DEVFLG signal from the peripheral device often con- 
tains signficant noise, and therefore the PIC contains an 
RC noise filtering circuit on the Device Flag line with a 
time constant of approximately 250 nsec. This is large 
enough to filter out the noise introduced on the line by 
slower devices, while at the same time being small enough 
to permit 1 MHz DMA transfer rates. 

4-15. MODE SELECTION 

Bits 5 and 6 in control word 31 can be used to select 
transparent latch or clocked mode for the status register 
32 (U54, U64) and data input register 30 (U53, U83). If bit 
5=1, data register 30 is loaded on each DEVFLG signal 
from the peripheral device. If bit 5 = 0, data register 30 
acts as a transparent latch; that is, all 16 bits are dynami- 
cally available. The transparent latch mode of operation is 
used when the PIC is connected to devices such as 
monitoring or measuring sensors. 

If bit 6 = 1, status register 32 is loaded on each DEVFLG 
signal from the peripheral device. If bit 6 = 0, status 
register 32 acts as a transparent latch so that the status is 
dynamically available. 

The two lines from control register 31, bits 5 and 6, are 
connected to the Mode multiplexer (U34). When the 
transparent latch mode is selected, the system clock is 
selected by the multiplexer, so that the control and status 
registers are clocked approximately every 225 nsec, or at 
whatever speed SCLK is running. Because these registers 
are clocked more frequently than data or status can be 
input, they appear as transparent latches to the user. Note 
that byte packing cannot be used while the data register is 
in transparent latch mode, and that DMA can only be used 
if there is a method of generating SRQ, that is, if DEVFLG 
is used. 

When clocked mode is selected, the data and status regis- 
ters are clocked by an edge of DEVFLG selectable by bit 
12 of control register 31. Note that this will be the same 
edge that causes the assertion of SRQ. 

The only critical timing involved in clocking the data 
input registers is the clocking of the upper byte while byte 
packing is in effect. The lower byte can be clocked every 
time DEVFLG is asserted, and overwritten when the low 
byte is received. The upper byte, however, must be clocked 
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at all times except when byte packing is enabled and 
LOBYT- is low. In order to determine when this situation 
exists, the PACK flip-flop (U74) is used to remember when 
a DMA transfer is in progress and packing is used. The Q 
output of this flip-flop is NANDed with LOBYT + (U94) so 
that the upper byte clock is disabled when the Pack flip- 
flop Q output and LOBYT + are both high. 



4-16. SLAVE MODE OPERATION 

The Slave Request signal from the peripheral device goes 
to the SLAVE flip-flop. The signal has a resistor pull-up 
(330 ohms), and the signal must be set low by any device 
wishing to enter slave mode. The pull-up resistor's valve is 
low so that the Slave Request signal won't be falsely as- 
serted in a noisy environment. 

When Slave Request is asserted, the Slave flip-flop is set. 
This generates an SLRQ (Slave Request) signal to the I/O 
chip. If the Virtual Control Panel switch was enabled on 
power up (selecting the PIC as VCP interface), the I/O 
master then forces the processor into slave mode. If the 
VCP was not enabled on power up, the Slave Request 
signal is ignored. The Slave flip-flop may be cleared by 
execution of an OTA 32. 



4-17. PIC-TO-PERIPHERAL DEVICE 
SIGNAL DEFINITIONS 

Table 4-1 contains PIC-to-peripheral device signal defini- 
tions. Information for each signal includes: the signal 
mnemonic, its full name, where it originates, where it goes 
to, and what its function is. 



Table 4-1. PIC/Peripheral Device Signal Definitions 



NOTE 

When delivered, the PIC is configured for +5V device interface. 
All device lines are terminated so that the +5V is best for high- 
speed applications such as computer-to-computer 
communications. 

In order to configure the PIC for +12V device interface (devices 
such as paper tape readers and punches), remove the six resistor 
packages (R6, R7, R8, R9, R10, and R1 1) from the three 20-pin 



Table 4-1. PIC/Peripheral Device Signal Definitions 
(Continued) 



sockets along the front plane of the card. See figure 7-3 for the 
physical locations and figure 7-4 for the circuit locations of these 
resistors. 

MNEMONIC: CNTO - CNT3 

FULL NAME: Control 0 (least significant bit) through 

Control 3 (most significant bit) 
DRIVEN BY: Control register (U44) 
RECEIVED BY: Peripheral device 
FUNCTION: Device control 



MNEMONIC: DVCMD 

FULL NAME: Device Command 

DRIVEN BY: DVCMD flip-flop 

RECEIVED BY: Peripheral device 

FUNCTION: Signals a data transfer request 

MNEMONIC: DEVFLG 

FULL NAME: Device Flag (Service Request) 

DRIVEN BY: Peripheral device 

RECEIVED BY: SRQ flip-flop 

FUNCTION: Clocks DVCMD off and signals PIC that 
peripheral device is ready to transfer data. 

MNEMONIC: INO - IN15 

FULL NAME: Data from device 0 (least significant bit) 

through 15 (most significant bit) 

DRIVEN BY: Peripheral device 

RECEIVED BY: Data input buffer (U53, U83) 

FUNCTION: Data from peripheral device 

MNEMONIC: OUT0 - OUT15 

FULL NAME: Data to device 0 (least significant bit) 

through 15 (most significant bit) 

DRIVEN BY: Data output buffer (U43, U93) 

RECEIVED BY: Peripheral device 

FUNCTION: Data to device 

MNEMONIC: SLRQ 

FULL NAME: Slave Request 

DRIVEN BY: Peripheral device 

RECEIVED BY: Slave flip-flop 

FUNCTION: Requests slave-mode (Virtual Control 
Panel) operation 
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MAINTENANCE 



SECTION 



5-1. INTRODUCTION 

This section provides maintenance information for the HP 
12006A Parallel Interface. Included are preventive 
maintenance instructions and troubleshooting 
information. 

5-2. PREVENTIVE MAINTENANCE 



2. Run the kernel diagnoslic. Refer to the Kernel 
Diagnostic Operating Manual, part number 
24612-90003. 



Run the PIC diagnostic. Refer to the Parallel 
Interface Diagnostic Operating Manual, part number 
24612-90004. 



Preventive maintenance for the parallel interface is per- 
formed at the same intervals as for the computer system 
as a whole. 

Preventive maintenance consists of inspecting the PIC for 
burned or broken components, or the presence of foreign 
material. The cable and connector which connect the PIC 
to the device should also be checked for damaged insula- 
tion, bent or broken pins, etc. After any damage has been 
repaired, run the system self-test. (Refer to the appropriate 
A-Series or L-Series Installation and Service Manual.) If it 
is determined that the PIC is malfunctioning, perform the 
troubleshooting procedures listed in paragraph 5-3. 

5-3. TROUBLESHOOTING 

To troubleshoot the PIC, perform the following steps: 

1. Run the computer self-test. Refer to the appropriate 
Installation and Service Manual for your A-Series or 
L-Series computer. 



4. If the PIC is defective, contact the nearest Hewlett- 
Packard Sales and Service Office for information on 
repair or replacement of the PIC. (Sales and Service 
Offices are listed at the back of this manual.) 



5. If desired, however, further isolation to a defective 
component may be performed using an oscilloscope. 
Refer to Section VII, figure 7-1 for integrated circuit 
pin connections and characteristics, to figure 7-3 for 
PIC part locations, and to figure 7-4 for a schematic 
logic diagram. Refer to Section VI, table 6-3 for re- 
placeable parts information. 



Refer to Section II, table 2-1 for backplane connections to 
connector PI, table 2-2 for backplane connections to con- 
nector P2, table 2-3 for PIC-to-peripheral device intercon- 
necting cable connections, and table 2-4 for computer- to- 
computer communications cable connections. 
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REPLACEABLE PARTS 



SECTION 



VI 



6-1. INTRODUCTION 

This section contains information for ordering replaceable 
parts for the HP 12006A Parallel Interface. Table 6-1 is a 
list of commonly-used prefixes for component parts, table 
6-2 lists the meanings of the reference designations and 
abbreviations used in the table of replaceable parts, table 
6-3 is the list of replaceable parts, and table 6-4 contains 
names and addresses of manufacturers of the parts. 



To order a part that is not listed in the replaceable parts 
table, specify the following information: 

a. Identification of the product containing the part (refer 
to Section I, paragraph 1-5). 

b. Description and function of the part. 

c. Quantity required. 



6-2. REPLACEABLE PARTS 

Table 6-3 contains a list of replaceable parts in reference 
designation order. The following information is listed for 
each part: 

a. Reference designation of the part. Refer to table 6-2 
for an explanation of the abbreviations used in the 
"REFERENCE DESIGNATION" column. 

b. The Hewlett-Packard part number. 

c. Part number check digit (CD). 

d. Total quantity (QTY). 

e. Description of the part. 

f. A five-digit manufacturer's code number of a typical 
manufacturer of the part. 

g. The manufacturer's part number. 



6-3. ORDERING INFORMATION 

To order replacement parts or to obtain information on 
parts, address the order or inquiry to the local Hewlett- 
Packard Sales and Service Office (Sales and Service Of- 
fices are listed at the back of this manual). 

To order a part listed in the replaceable parts table, quote 
the Hewlett-Packard part number (with the check digit), 
and indicate the quantity required. The check digit will 
insure accurate and timely processing of your order. 



Table 6-1. Commonly-Used Prefixes for Component Parts 



PREFIX 


COMPONENT/PART/MATERIAL 


0121- 


Capacitors, Variable (mechanical) 


0122- 


Capacitors, Voltage Variable (semiconductor) 


0140- 


Capacitors, Fixed 


0150- 


Capacitors, Fixed Non-Electrolytic 


0160- 


Capacitors, Fixed 


0180- 


Capacitors, Fixed Electrolytic 


0330- 


Insulting Materials 


0340- 


Insulators, Formed 


0370- 


Knobs, Control 


0380- 


Spacers and Standoffs 


0410- 


Crystals 


0470- 


Adhesives 


0490- 


Relays 


0510- 


Fasteners 


0674- thru 0778- 


Resistors, Fixed (non wire wound) 


0811- thru 0831- 


Resistors (wire wound) 


1200- 


Sockets for components 


1205- 


Heat Sinks 


1250- 


Connectors (RF and related parts) 


1251- 


Connectors (non RF and replated parts) 


1410- 


Bearings and Bushings 


1420- 


Batteries 


1810- 


Resistor Network, 10 pin 


1820- 


Monolithic Digital Integrated Circuits 


1826- 


Monolithic Linear Integrated Circuits 


1853- 


Transistors, Silicon PNP 


1854- 


Transistors, Silcon NPN 


1855- 


Field-Effect-Transistors 


1900- thru 1912- 


Diodes 


1920- thru 1952- 


Vacuum Tubes 


1990- 


Semiconductor Photosensitive and Light-Emitting 




Diodes 


3100- thru 3106- 


Switches 


8120- 


Cables 


9100- 


Transformers, Coils, Chokes, Industors, and Filters 



6-1 



Table 6-2. Reference Designations and Abbreviations 



REFERENCE DESIGNATIONS 


A 




assembly 


K 




relay 


TB 




terminal board 


B 




motor, synchro 


L 




inductor 


TP 




test point 


BT 




battery 


M 




meter 


U 




integrated circuit, non- 


C 




capacitor 


P 




plug connector 






repairable assembly 


CB 
CR 
DL 
DS 




circuit breaker 
diode 
delay line 
indicator 


Q 
R 




semiconductor device 
other than diode or 
integrated circuit 
resistor 


V 

VR 
W 




vacuum tube, 
photocell, etc. 
voltage regulator 
jumper wire 


E 




Misc electrical parts 




X 




socket 


F 




fuse 


RT 




thermistor 


Y 




crystal 


FL 




filter 


S 




switch 


Z 




tuned cavity, network 


J 




receptacle connector 


T 




transformer 








ABBREVIATIONS 


A 




amperes 


gra 




gray 


PCA 


- 


printed-circuit assembly 


ac 




alternating current 


grn 


- 


green 


PWB 




printed-wiring board 


Ag 


- 


silver 




pnn 




phillips head 


Al 


= 


aluminum 


H 


— 


henries 


pk 




peak 






Hg 






P-P 




peak-to-peak 


ar 




as required 


— 


mercury 


Pt 




point 

peak inverse voltage 


adj 




adjust 


hr 


= 


hour(s) 


prv 


- 


assy 


= 


assembly 


Hz 


= 


hertz 


PNP 


= 


positive-negative -positive 








hdw 


- 


hardware 


pwv 


= 


peak working voltage 


b 




base 


hex 


= 


hexagon, hexagonal 


pore 




porcelain 


bp 




bandpass 








posn 




position (s) 


bpi 




□ IIS \JCt IIIUII 


I D 




inside diameter 


pozi 




pozidrive 


bik 




black 


IF 


= 


intermediate frequency 








blu 
brn 


= 


blue 
brown 


in. 




inch, inches 


rf 


- 


radio frequency 


brs 


= 


brass 


I/O 




input/output 


rdh 


= 


round head 


Btu 


= 


British thermal unit 


int 




internal 


rms 


= 


root-mean-square 


Be Cu 




beryllium copper 


incl 
insul 


= 


include(s) 

insulation, insulated 


rwv 


— 


reverse working voltage 


cpi 


= 


characters per inch 


impgrg 


= 


impregnated 


rect 
r/min 




rectifier 


coll 


= 


collector 


incand 




incandescent 


_ 


rpvnlntinn^ npr minntp 


cw 


= 


clockwise 


ips 


■ 


inches per second 


RTL 




1 l\Ji Hal Ibis IOI lugil. 


ccw 


= 


counterclockwise 














cer 


= 


ceramic 


K 




kiio iiu /, Kiionm 


s 


= 


second 


com 


- 


common 


IP 


= 


low pass 


SB, TT 


= 


slow blow 


crt 


= 


cathode-ray tube 






Se 


= 


selenium 


CTL 


= 


complementary-transistor 


m 


= 


milli (10" 3 ) 


Si 


= 


silicon 


cath 


= 


logic 
cathode 


M 
My 


= 
= 


mega (10 6 ), megohm 
Mylar 


scr 




silicon controlled rectifier 


Cd pi 




cadmium plate 


mf r 


— 


manufacturer 






ctainlpcc ctppl 


comp 


= 


composition 


mom 




momentary 


St I 




steel 


conn 




connector 


mtg 




mounting 


spcl 




special 


compl 




complete 


misc 




miscellaneous 


spdt 




single-pole, double-throw 








met. ox. 




metal oxide 


spst 




single-pole, single-throw 


dc 




direct current 


mintr 




miniature 








dr 




drive 






nano (10" 9 ) 








DTL 




diode-transistor logic 


n 




Ta 




tantalum 


depc 




deposited carbon 


nc 




normally closed or no 


td 




time delay 


dpdt 




double-pole, double-throw 






connection 


Ti 




titanium 


dpst 




double-pole, single-throw 


Ne 




neon 


tgi 




toggle 








no. 




number 


thd 




thread 


em 




emitter 


n.o. 




normally open 


tol 




tolerance 


ECL 




emitter-coupled logic 


np 




nickel plated 


TTL 




transistor transistor logic 


ext 




external 


NPIM 




negative-positive-negative 








encap 




encapsulated 


NPO 




negative-positive zero (zero 






micro (10" 6 ) 


elctlt 




electrolytic 


NSR 




temperature coefficient) 
not separately replaceable 


U(jU) 




F 




farads 


NRFR 




not recommended for field 


V 




volt(s) 


FF 




flip-flop 






replacement 


var 




variable 


flh 




flat head 








vio 




violet 


flm 




film 


OD 




outside diameter 


Vdcw 




direct current working volts 


fxd 




fixed 


OBD 




order by description 






filh 




fillister head 


orn 




orange 


W 




watts 








ovh 




oval head 


WW 




wirewound 


G 




giga (10 9 ) 


oxd 




oxide 


wht 




white 


Ge 




germanium 






pico (10" 12 ) 


WIV 




working inverse voltage 


gi 




glass 


P 










gnd 




ground(ed) 


PC 




printed circuit 


yel 




yellow 
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Table 6-3. Replaceable Parts 



KeTerence 


LID D *■* r + 

Mr ran 

INUHIUCI 


n 


Qty 


Description 


Mil 


Mfr Part Number 




12006-60003 


6 


1 


ASSEMBLY, PC PARALLEL 


28480 


12006-60003 


C1 


0160-4808 


4 


1 


CAPACITOR-FXD 470PF +-SX 100 VDC CER 


28480 


0160-4808 


C2 


0160-4842 


6 


8 


CAPACIT0R-FXD .22UF +80-20% 50 VDC CER 


28480 


0160-4842 


C3 


0160-4842 


6 




CAPACITOR-FXD .22UF +80-20% 50 VDC CER 


28480 


0160-4842 


C4 


ft 1 Gft jtOjtl 

Ulbu-4842 


6 




rADAPTTriD cvn ooi ic ifin on* ar\ unr pcd 
LAHALi I UK-hAU . £.£\jr +<JU - £U* OW VUU l-fcri 


28480 


U 1 DU - £ to J +Z 


C5 


0160-4842 


6 




CAPACITOR-FXD .22UF +80-20% 50 VDC CER 


28480 


0160-4842 


C6 


0160-4842 


6 




CAPACITOR-FXD .22UF +80-20% 50 VDC CER 


28480 


0160-4842 


C7 


0160-4842 


6 




CAPACITOR-FXD .22UF +80-20% 50 VDC CER 


28480 


0160-4842 


C8 


0160-4842 


6 




CAPACITOR-FXD .22UF +80-20% 50 VDC CER 


28480 


0160-4842 


C9 


m en AO a ft 

0160-4842 


6 




CAPACllUK-rXD . 22Ur +80-20% 50 VUC CfcK 


28480 


0150-4842 


E1 


0360-1682 


0 


3 


TERMINAL-STUD SGL-TUR PRESS -MT6 


28480 


0360-1682 


E2 


0360-1682 


0 




TERMINAL-STUD SGL-TUR PRESS -MTG 


28480 


0360-1682 


E3 


0360-1682 


0 




TERMINAL-STUD SGL-TUR PRESS-MTG 


28480 


0360-1682 


R1 


ft~JCJ (l^Od 

U /O / UtCoU 


3 


1 


DCCTCTAD If 1f 1 OCM C Tf-fti.lrtH 
KtololUK IK. 1* . 1 £DUJ p IC-U+ iUU 


24546 


ca - \ /Q-Tn - 1 on 1 - c 
1*** l/w IU IVVl r 


R2 


1810-0280 


8 


1 


NETUORK-RES 10-PIN-SIP .1-PIN-SPCG 


01121 


210A103 


R3 


1810-0277 


3 


3 


NETU0RK-RES 10-PIN-SIP .1-PIN-SPCG 


01121 


210A222 


R4 


1810-0277 


3 




NETUORK-RES 10-PIN-SIP .1-PIN-SPCG 


01121 


210A222 


RS 


i o i ft Am 
1810 02/ / 


3 




klCTI IADL' DCC 1 H DTU CTD 1 -DTki-COf*"^ 
Nfc I UUKK.*Kto 1 U "rlN-blr . 1 "rlN-bKLb 


0 1 1 21 


C 1 UA£££ 


R6 


1810-0298 


2 


3 


NETUORK-RES 10-PIN-SIP .1-PIN-SPCG 


01121 


210A240 


R7 


1810-0298 


2 




NETUORK-RES 10-PIN-SIP .1-PIN-SPCG 


01121 


210A240 


R8 


1810-0298 


2 




NETUORK-RES 10-PIN-SIP .1-PIN-SPCG 


01121 


210A240 


R9 


1810-0407 


1 


3 


NETUORK-RES 10-PIN-SIP .1-PIN-SPCG 


73138 


785-S-R(330/470) 


R10 


1 81 0-040 7 


1 




NelUORK-KeS 10-HIN-51P .1-P1N-5PC6 


731 38 


-JOC C Q / ftftft t A^ft \ 

785-5-R( 330/470) 


R11 


1810-0407 


1 




NETUORK-RES 10-PIN-SIP .1-PIN-SPCG 


73138 


785-5-R(330/470) 


R12 


0757-0417 


8 


1 


RESISTOR 562 


28480 


0757-0417 


R13 


1810-0275 


1 


1 


NETUORK-RES 10-PIN-SIP .1-PIN-SPCG 


01121 


210A102 


U1 


Ol U 1 


6 


1 


bUIILn, U1H, 8-KULKtK 


28480 


^im ftiAft 

Jl Ul -Z^A>0 


U11 


1820-0535 


7 


11 


IC DRVR TTL AND DUAL 2-INP 


01295 


SN754S1BP 


U12 


1820-1211 


8 


11 


IC GATE TTL LS EXCL-0R QUAD 2-INP 


01295 


SN74LS86N 


U13 


1820-1470 


1 


4 


IC MUXR/DATA-SEL TTL LS 2-T0-1-LINE QUAD 


01295 


SN74LS157N 


U18 


1820-1997 


7 


3 


IC FF TTL LS D-TYPE POS-EDGE-TRIG PRL-IN 


01295 


SN74LS374PC 


U21 


lA^A ftCftC 

1820- 0535 


7 




r»o\/n tt Akin niiAt t T*tn 

IC DRVK TTL AND DUAL 2-INP 


01 295 


c vnc a c < on 

SN75451 BP 


U22 


1820-1211 


8 




IC GATE TTL LS EXCL-OR QUA0 2-INP 


01295 


SN74LS86N 


U23 


1820-1470 


1 




IC MUXR/DATA-SEL TTL LS 2-T0-1-LINE QUAD 


01295 


SN74LS157N 


U27 


1820-2024 


3 


4 


IC DRVR TTL LS LINE DRVR OCTL 


01295 


SN74LS244N 


U28 


1820-2024 


3 




IC DRVR TTL LS LINE DRVR OCTL 


01295 


SN74LS244N 


U31 


1820-0535 


7 




nm/D t — ri Akin m iai o Tkin 

IC DRVR TTL AND DUAL 2-INP 


01295 


nnc ac t on 

SN75451 BP 


U32 


1820-1211 


8 




IC GATE TTL LS EXCL-OR QUAD 2-INP 


01295 


SN74LS86N 


U34 


1820-1244 


7 


1 


IC MUXR/DATA-SEL TTL LS 4-T0-1-LINE DUAL 


01295 


SN74LS153N 


U35 


1820-1208 


3 


1 


IC GATE TTL LS OR QUAL 2-INP 


01295 


SN74LS32N 


U36 


1820-1367 


5 


1 


IC GATE TTL S AN0 QUAD 2-INP 


01295 


SN74S08N 


U37 


1 820-21 02 


8 


4 


IC LCH TTL LS D-TYPE OCTL 


01295 


SN74LS373N 


U38 


1820-2102 


8 




IC LCH TTL LS D-TYPE OCTL 


01295 


SN74LS373N 


U41 


1820-0635 


7 




IC DRVR TTL AND DUAL 2-INP 


01295 


SN75451BP 


U42 


1820-1211 


8 




IC GATE TTL LS EXCL-OR QUAD 2-INP 


01295 


SN74LS86N 


U43 


1820-1730 


6 


4 


IC FF TTL LS D-TYPE P0S-E0GE-TRIG COM 


01295 


SN74LS273N 


U44 


t oftft 1 ~iftft 

1 820-1 MO 


6 




Tf n r tti i c n Tvnc nnc rrnnc TnTf. nnM 
IC rr IIL LS U-IYPt PUS-tUGt IK1G COM 


01295 


SN I 4L5273N 


U45 


1820-1201 


6 


2 


IC GATE TTL LS AND QUAD 2-INP 


01295 


SN74LS08N 


U46 


1820-1240 


3 


1 


IC DCDR TTL S 3-T0-8-LINE 3-INP 


01295 


SN74S138N 


U47 


1820-2024 


3 




IC DRVR TTL LS LINE DRVR OCTL 


01295 


SN74LS244N 


U48 


1820-2024 


3 




IC DRVR TTL LS LINE DRVR OCTL 


01295 


SN74LS244N 


U51 


1820-0535 


7 




Tn nm 10 tti Akin m iai ft Tkin 
It DRVK T!L AND DUAL 2-INP 


01295 


cine ac 4 nn 

5N75451 BP 


U52 


1820-1211 


8 




IC GATE TTL LS EXCL-OR QUAD 2-INP 


01295 


SN74LS86N 


U53 


1820-1997 


7 




IC FF TTL LS D-TYPE P0S-E0GE-TRIG PRL-IN 


01295 


SN74LS374PC 


U54 


1820-2641 


6 


2 


IC FF TTL LS D-TYPE POS-EDGE-TRIG PRL-IN 


01295 


SN74LS374N 


U55 


1820-2075 


4 


2 


IC MISC TTL LS 


01295 


SN74LS245N 


U56 


1820-0629 


0 


2 


IC FF TTL S J-K NEG-EDGE-TRIG 


01295 


SN74S112N 


US7 


1820-2102 


8 




IC LCH TTL LS D-TYPE OCTL 


01295 


SN74LS373N 


U58 




g 




tt i rw tti i c n-TVQP nrTt 


1"1 1 9Qc; 

u i zyo 


CilN / ^LS>J ' JIN 


U61 


1820-0535 


7 




IC DRVR TTL AND DUAL 2-INP 


01295 


SN75451BP 


U62 


1820-1211 


8 




IC GATE TTL LS EXCL-OR QUAD 2-INP 


01295 


SN74LS86N 


U63 


1820-1470 


1 




IC MUXR/DATA-SEL TTL LS 2-T0-1-LINE QUAD 


01295 


SN74LS157N 


U64 


1820-2641 


6 




IC FF TTL LS D-TYPE POS-EDGE-TRIG PRL-IN 


01295 


SN74LS374N 


U6S 


1820-2075 


4 




IC MISC TTL LS 


01295 


SN74LS245N 


U66 


1820-1322 


2 


2 


IC GATE TTL S NOR QUAD 2-INP 


01295 


SN74S02N 


U67 


1AF5-6202 


3 


1 


1/0 PROCESSOR CHIP 


28480 


1AF5-6202 
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Table 6-3. Replaceable Parts 



Pcf oron^o 
nCICi Cf 1 t-»c? 

Desianation 


MP Part 
nr rdi i 

Number 


D 


Qty 


Description 


Mf r 
IVI 1 1 

Code 


Mfr Part Number 


U71 


1820-0535 


7 




IC DRVR TTL AND DUAL 2-INP 


01295 


SN75451BP 


U72 


1820-1211 


8 




IC GATE TTL LS EXCL-OR QUAD 2-INP 


01295 


SN74LS86N 


U73 


1 820 - 1 470 


1 




IC MUXR/DATA-SEL TTL LS 2-T0-1-LINE QUAD 


01295 


SN74LS157N 


U74 


1 820 - 1 1 1 2 


g 


3 


IC FF TTL LS D-TYPE P0S-EDGE-TRIG 


01295 


SN74LS74N 


U7S 


1 820 - 1 41 6 


5 


1 


IC SCHP1ITT-TRIP TTL LS INV HEX 1 -INP 


01295 


SN74LS1 4N 


U76 


1820-0681 


4 


2 


IC GATE TTL 3 HAND QUAD 2-INP 


01295 


SN74S00N 


U81 


1820-0535 


7 




IC DRVR TTL AND DUAL 2-INP 


01295 


SN75451 BP 


U82 


1870-121 1 


g 




IC GATE TTL LS EXCL-OR QUAD 2-INP 


01 295 


SN74LS86N 


U83 


1820-1 997 


7 




IC FF TTL LS D-TYPE POS-EDGE-TRIG PRL-IN 


01 295 


SN74LS374PC 


U84 


1 820 - 1 73Q 






IC FF TTL LS D-TYPE POS-EDGE-TRIG COM 


01295 


SN74LS273N 


U85 


1820-1112 


8 




IC FF TTL LS D-TYPE POS-EDGE-TRIG 


01295 


SN74LS74N 


U86 


1820-0629 


0 




IC FF TTL S J-K NEG-EDGE-TRIG 


01295 


SN74S112N 


U91 


1 82fi -o 


7 




TP DRVR TTI AND DUAI ?-TNP 


01295 


9N7 t id^1 RP 


U92 


1 820-1 21 1 


g 




TC CATF TTI t ^ FXPI -OR OMAn 7-TNP 


01295 


ijn * iLuoon 


U93 


1820-1 7^0 


g 




TC FF TTL LS D-TYPF PO^-FDGF-TRTG COM 


01 295 


SN741 S273N 


U94 


1820-1197 


9 


2 


IC GATE TTL LS NAND QUAD 2-INP 


01295 


SN74LS0ON 


U9S 


1820-1197 


9 




IC GATE TTL LS NAND QUAD 2-INP 


01295 


SN74LS00N 


U96 


1 8?0 - 1 451 


8 


2 


IC GATE TTL S NAND QUAD 2-INP 


01295 


SN74S38N 


U100 


1820-05^ 


7 




TC DRVR TTI ANO DUAL 2-INP 


01 295 


SN75451BP 


U101 


1 820-053S 


7 




IC DRVR TTL AND DUAL 2-INP 


01295 


SN75451BP 


U102 


1820-1211 


8 




IC GATE TTL LS EXCL-OR QUAD 2-INP 


01295 


SN74LS86N 


U103 


1820-1201 


g 




IC GATE TTL LS AND QUAD 2-INP 


01295 


SN74LS08N 


U104 


1820-1211 


8 




IC GATE TTL LS EXCL-OR QUAD 2-INP 


01295 


SN74LS86N 


U105 


1 820 - 1 1 1 2 

1 w£U 1 1 1 


g 




TC FF TTL LS D-TYPF POS-EDGE-TRIG 


01295 


SN74LS74N 


U106 


1820-0681 


4 




TC GATE TTL 3 NAND QUAD 2-INP 

*jr\ it ill* w iTfinw v*vnu c junr 


01295 


SN74S00N 


U107 


1820-1449 


4 


1 


IC GATE TTL S OR QUAD 2-INP 


01295 


SN74S32N 


U108 


1820-1633 


8 


2 


IC BFR TTL S INV 0CTL 1-INP 


01295 


SN74S240N 


U116 


1820-1633 


8 




IC BFR TTL S INV 0CTL 1-INP 


01295 


SN74S240N 


U117 


1820-1322 


2 




IC GATE TTL S NOR QUAD 2-INP 


01295 


SN74S02N 


U118 


1820-1451 


8 




IC GATE TTL S NAND QUAD 2-INP 


01295 


SN74S38N 




0403-0289 


3 


2 


EXTR-PC BD MED POLYC .063-RD-THKNS 


28480 


0403-0289 




1200-0639 


8 


3 


S0CKET-IC 20-CONT DIP-SLDR 


28480 


1200-0639 




1200-0981 


3 


1 


S0CKET-64-PIN 


28480 


1200-0981 




1480-0116 


8 


2 


PIN-GRV .062-IN-DIA .25-IN-LG STL 


28480 


1480-0116 
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Table 6-4. Code List of Manufacturers 



Mfr 
Code 



Manufacturer Name 



Address 



Zip Code 



01121 ALLEN-BRADLEY CO 

01295 TEXAS INSTR INC SEMICOND COMPNT DIV 

24546 CORNING GLASS WORKS (BRADFORD) 

28480 HEWLETT-PACKARD CO CORPORATE HQ 

73138 BECKMAN INSTRUMENTS INC. HELIPOT DIV 



MILWAUKEE 
DALLAS 
BRADFORD 
PALO ALTO 
FULLERTON 



WI 
TX 
PA 
CA 
CA 



53204 
75222 
16701 
94304 
92634 
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SERVICING DIAGRAMS 



SECTION 



VII 



7-1. INTRODUCTION 

This section contains servicing diagrams for the HP 
12006A Parallel Interface. 

The content of this section is as follows: 

Figure 7-1. Integrated Circuit Base Diagrams 

Figure 7-2. Parallel Interface Detailed Functional Block 
Diagram 

Figure 7-3. Parallel Interface Parts Location Diagram 
Figure 7-4. Parallel Interface Schematic Logic Diagram 
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Figure 7-1. Integrated Circuit Base Diagrams (Sheet 1 of 5) 






Figure 7-1. Integrated Circuit Base Diagrams (Sheet 2 of 5) 
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Figure 7-1. Integrated Circuit Base Diagrams (Sheet 3 of 5) 
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Figure 7-1. Integrated Circuit Base Diagrams (Sheet 4 of 5) 
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1AF5-6202 
U67 



A|A|A|A|A|A| AIA 

16 J 14 J 12 J 10 J 8 I 6 J 4 J 2 J ' 

-OisX)i7Cr O O O O O O O O"^ 



-O20 



-Q22 



2^)21 



15 13 11 9 



3 1 
63 



Q64 



o- 



61 Q62Q- 



-024023 
-026^)25 



-Q280 27 



59(^600- 
57Q58Q- 



55 0^60- 



-Q30 029 



53Q54Q- 



-032 



2^)31 



51Q.52 0- 



O O O O O O O O 49 Q50O- 

'34 [ 36 f 38 | 40 f 42 [■ 44 [46 [48 ^ 

9l9l9l9l9l9l9l9 



INDEX 



1AF5-6202 I/O CHIP OUTLINE (COMPONENT SIDE) 



PIN DEFINITIONS 


PIN 


SIGNAL 


PIN 


SIGNAL 


PIN 


SIGNAL 


PIN 


SIGNAL 


1 


DMACYC- 


17 


GND 


33 


BRNI + 


49 


VCC 


2 


LDMAR+ 


18 


VDD 


34 


CRS • 


50 


GND 


3 


SCEN- 


19 


CW1 


35 


IEN 


51 


VDD 


4 


REMOTE- 


20 


BCW2 • 


36 


DIAG 


52 


CB7 ♦ 


5 


INTCYC • 


21 


BCW1 • 


37 


DVCMD 


53 


CB8 + 


6 


DMAEN 


22 


BCWO * 


38 


PLSLV+ 


54 


CB9 + 


7 


LOBYT 


23 


BVALID+ 


39 


PON + 


55 


CB10 ♦ 


8 


SACK 


24 


BIOGO+ 


40 


SLACK * 


56 


CB11 . 


9 


NC 


25 


ICHID- 


41 


SLRQ+ 


57 


CB12 * 


10 


SCLK • 


26 


BIAK + 


42 


CBO * 


58 


CB13 * 


1 1 


LSBYT 


27 


CFF- 


43 


CB1 * 


59 


CB14 + 


12 


BPE* 


28 


PULIOR- 


44 


CB2 t 


60 


CB15 + 


13 


BMP- 


29 


IOEN 


45 


CB3 ♦ 


61 


MEMGO+ 


14 


CHSRQ- 


30 


IOCLK • 


46 


CB4 * 


62 
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Figure 7-1. Integrated Circuit Base Diagrams (Sheet 5 of 5) 
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Functional Block Diagram 
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Figure 7-3. Parallel Interface Parts Location Diagram 
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Figure 7-4. Parallel Interface Schematic 
Logic Diagram (Sheet 1 of 2) 
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SECTION 



INTRODUCTION 



This chapter provides a brief description of differences between Parallel Interface cards with different 
card assembly numbers and date codes. 



Card Assembly 12006-60001 

DATE CODE: B-2001 

This version of the 12006A Parallel Interface card (PIC) had a large white Silicon -on -Sapphire (SOS) 
Input/Output Processor (IOP) at position U67. This IC (part number 1 AC 5-6001) was held in its socket 
by two spring clips. 



WARNING 



OBSERVE THE EYE-HAZARD SAFETY PRECAUTION if you work on 
this card's IOP. See the heading "Maintenance Differences" in this section 
for more information on servicing this card. 



A description of the differences in the circuit for 12006-60001 follows. A copy of the 12006-60001 
schematic is at the end of this section. The connections to a particular pin listed below replace the 
connections for that pin on the 12006-60003 schematic in section 7. 

Sheet one of the schematic describes a functional block on the PIC called the IO Master. The IO Master 
section is common to all interface cards for A/L series computers. On sheet one of the schematic for 
B-2001, pins 4, 5, and 6 of Ul 17 did not appear. The gate those pins are attached to was not used in that 
version of the PIC. There are other differences. 

Many of the differences center around U86, which contains the MRQ and MEMGO flip-flops. On cards 
that have the date code B-2001, pins 14 and 15 of U86 were tied together and wired to pin 39 of U67, 
pin 3 of Ul 16, pin 15 of U 56 and becomes PDN+ (which is not connected). Pin 14 of U 86 WAS NOT 
wired to pin 1 of U106. Pin 6 of U 86 was tied to only pin 1 of U36. Finally, pins 9 and 12 of U86 were 
tied together and to pin 1 of U 9 6, pin 61 of U 6 7, and pins 2, 12, and 13 of Ul 18. 

On sheet two of the schematic, PICs with date code B-2001 differ from 12006-60003 because pins 3 and 
4 of U34 WERE NOT wired to pin 1 1 of U104. Instead, pins 3, 4, 11, and 1 3 of U34 were only 
connected to pin 5 of U 8 5. 
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Backdating Information 



Card Assembly 12006-60002 

Parallel Interface cards made early in the production of the 12006-60002 were called HP 12006Bs. 
Some of the manuals also identified the product as a "B". The designation was later changed back to HP 
12006A. 

Card assembly 12006-60002 differs only slightly in physical layout from 12006-60003. Schematically 
they are the same except for some minor differences in the electrical values of components. The 
component differences are under the heading "Card Assembly 12006-60003". Component differences 
between card assembly 12006-60001 and -60002 are listed below. 

Unless otherwise noted, the 12006-60002 and later versions of the PIC are more tolerant of asynchronous 
interrupts that might occur while a DMA (Direct Memory Access) is in progress. 



DATE CODE: B-2042 

The part numbers but not the electrical values of a few components changed with this date code. CI 
changed to part number 0160-4825, C2 through C9 changed to part number 0160-4842, Rl changed to 
0757-0280, and R12 changed to 0698-0082. 



DATE CODE: A-2042 

A-2042 came out after B-2042. PICs with the date code A-2042 had a different IOP at position U67. 
This new IOP had part number 1AF5-6001. The IOP socket did not change. The old IOP was part 
number 1AC5-6001. 



WARNING 



OBSERVE THE EYE -HAZARD SAFETY PRECAUTION if you work on 
this card's IOP. See the heading "Maintenance Differences" in this chapter 
for more information on servicing this card. 



DATE CODE: A -2042a 

The electrical values of two parts were changed. CI, which was a 560pf capacitor, was changed to a 
470pf capacitor whose part number is 0160-4808. R12 was changed to a 464 ohm resistor which has 
part number 0757-0417. The old value was 562 ohms. 



WARNING 



OBSERVE THE EYE -HAZARD SAFETY PRECAUTION if you work on 
this card's IOP. See the heading "Maintenance Differences" in this chapter 
for more information on servicing this card. 
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Card Assembly 12006-60003 

DATE CODE: A-2350 

This is the current version of the Parallel Interface Card (PIC). The changes to the card from the previous 
assembly are a new I/O chip and socket at U67. The card was slightly modified to accept the new socket. 
Also, a required supplier for U54 and U64 was specified with special part numbers assigned to the parts. 

The new I/O chip, part number 1AF5-6202, is an integrated circuit in a gray parallel in-line package 
(PIP). The special socket and adapter for the I/O chip is part number 1200-0981. 

The part number for U54 and U64 is 1820-2641. Part number 1820-1997-T may also be used but 
1820-1997 is not an acceptable replacement. 



MAINTENANCE DIFFERENCES 



All HP 12006As with the card assembly numbers of 12006- 60001 and -60002 included a white SOS IOP 
as U67. The IOP was retained in a special socket by two spring -steel clips. In these versions of the card 
if the IO Processor passed testing but the card failed, only the card was returned for service. If only the 
IOP failed, only it was replaced. 

The information on removing or installing the IOP is provided below if you need it. If you have a failure 
in a PIC or any other service problem, contact your nearest Hewlett-Packard Sales and Service Office for 
assistance. The Sales and Service Offices are listed in the back of this manual. 

Removal and Installation of a white SOS IOP 

Please read and understand all of the instructions for the procedure you are attempting before you start. 



WARNING 



Do not attempt to service the PIC while it is installed in the computer as 
you may receive a shock and/ or damage the PIC and the computer. 

Turn off the power to the computer and any peripheral attached to to the PIC. Then disconnect any 
cable attached to PIC and remove the PIC from the card cage. 
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Figure 8-1. SOS Socket with chip and retaining clips. 



WARNING 



EYE -HAZARD SAFETY PRECAUTION - Wear safety glasses when 
removing or installing the retaining clips on the IOP. These clips are 
under tension and have sharp corners. 



CAUTION 



The IOP is sensitive to static -electric discharge. Follow the anti -static 
handling procedures in the front of this manual when removing or 
installing the IOP. 
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REMOVAL 

a. Remove the card from the computer and place it on a flat surface. 

b. While pressing down on one of the retaining clips with a thumb, insert the tip of a 
straight-blade screwdriver or similar tool between the retaining clip and the side of the 
socket at location A (see figure 8-1). 

c. Twist the screwdriver so the blade forces the clip free of the lip (B) on the side of the 
socket. 

d. When the retaining clip is free, lift it up and over the chip to free the clip from the slot in 
the socket. 

e. Remove the second clip by following steps b through d. 

f. Tip the card on edge and remove the chip. Carefully observe anti -static handling 
procedures when handling an IOP that has been removed from a card. 



CAUTION 



The spring clips exert enough force on the IOP socket to deform or damage 
it if no chip is installed. DO NOT INSTALL THE SPRING CLIPS ON AN 
EMPTY SOCKET. 



INSTALLATION 

a. Place the card on a flat surface with the component side up. 

b. Locate both retaining clips. 

c. Place the chip in the socket, locating the two cut-off corners (C in figure 8-1) against the 
blocked -off corners of the socket. The trace side of the IOP must face down, toward the 
component side of the card, when the chip is placed in the socket. 

d. Place a retaining clip in one of the two slots provided for them in the side of the socket. 

e. Use a thumb to press down on the retaining clip while guiding it over the edge of the 
socket. Continue pressing down on the clip until it snaps over the lip (B in figure 8-1) on 
the side of the socket. 

f. Install the second clip in the same way you installed the first. 



WARNING 



To re -install the Parallel Interface Card (PIC) follow the installation 
instructions in section 2. Failure to install the PIC correctly may damage 
the card, the computer and/or injure you. 



Update 1 
8-5 



Backdating Information 



SUMMARY OF UPDATE 

Section 1 

The new Data Transfer Capabilities listed in the specifications are the results of tests of the PIC. The 
conditions of the test have also been stated. 



Section 2 

Revised wiring lists for cable construction replaced tables 2-3 and 2-4. 
Section 3 

A reference to the I/O Interfacing Guide was added in the Summary of I/O Instruction Usage paragraph. 
This manual provides a more detailed description of I/O instructions. 

Section 4 

No changes. 

Section 5 

The references to other manuals that cover diagnostics were brought up to date. 



Section 6 

The replaceable parts list was brought up to date. 

Section 7 

No changes. 

Section 8 

This new section contains backdating information for earlier versions of the card. 
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Unidirectional device, 4-1 
Unpacking and inspection, 2-1 



VCP, 2-4, 3-11 

Virtual control panel, 2-4, 3-11, 4-4 
Virtual control panel selection, 2-4 
Voltage requirements, 1-5 
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Word/byte count register, 3-8, 3-10 
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SALES & SUPPORT OFFICES 

Arranged alphabetically by country 



Product Line Sales/Support Key 

Key Product Line 

A Analytical 

CM Components 

C Computer Systems Sales only 

CH Computer Systems Hardware Sales and Services 

CS Computer Systems Software Sales and Services 

E Electronic Instruments & Measurement Systems 

M Medical Products 

P Personal Computation Products 

* Sales only for specific product line 

** Support only for specific product line 

IMPORT ANTiThese symbols designate general product line 
capability.They do not insure sales or support availability for all 
products within a line, at all locations.Contact your local 
sales office lor information regarding locations where HP 
support is available for specific products. 

HP distributors are printed in italics. 

HEADQUARTERS OFFICES 

If there is no sales office listed for your area, contact one of these 
headquarters offices. 



AFRICA AND 
MIDDLE EAST 

Hewlett-Packard S.A. 
Mediterranean and Middle East 
Operations 
Atrina Centre 
32 Kifissias Ave. 

Paradissos-Amarousion, ATHENS 

Greece 

Tel: 682 88 11 

Telex: 21-6588 HPAT GR 

Cable: HEWPACKSA Athens 

NORTH/CENTRAL AFRICA 

Hewlett-Packard S.A. 

7, Rue du Bois-du-Lan 

CH-1217 MEYRIN 2, Switzerland 

Tel: (022) 83 12 12 

Telex: 27835 hpse 

Cable: HEWPACKSA Geneve 

ASIA 

Hewlett-Packard Asia Ltd. 
47/F, 26 Harbour Rd., 
Wanchai, HONG KONG 
G.P.O. Box 863, Hong Kong 
Tel: 5-8330833 
Telex: 76793 HPA HX 
Cable: HPASIAL TD 

CANADA 

Hewlett-Packard (Canada) Ltd. 
6877 Goreway Drive 
MISSISSAUGA, Ontario L4V 1M8 
Tel: (416) 678-9430 
Telex: 610-492-4246 

EASTERN EUROPE 

Hewlett-Packard Ges.m.b.h. 
Lieblgasse 1 
P.O.Box 72 

A- 1222 VIENNA, Austria 
Tel: (222) 2365110 
Telex: 13 4425 HEPAA 

NORTHERN EUROPE 

Hewlett-Packard S.A. 
Uilenstede 475 
P.O.Box 999 

NL-1 180 AZ AMSTELVEEN 

The Netherlands 
Tel: 20 437771 



SOUTH EAST EUROPE 

Hewlett-Packard S.A. 

World Trade Center 

1 10 Avenue Louis Carol 

1215 Cointrin, GENEVA, Switzerland 

Tel: (022) 98 96 51 

Telex: 27225 hpse. 

EASTERN USA 

Hewlett-Packard Co. 
4 Choke Cherry Road 
ROCKVILLE, MD 20850 
Tel: (301) 258-2000 

MIDWESTERN USA 

Hewlett-Packard Co. 
5201 Tollview Drive 
ROLLING MEADOWS, IL 60008 
Tel: (312)255-9800 

SOUTHERN USA 

Hewlett-Packard Co. 
2000 South Park Place 
P.O. Box 105005 
ATLANTA, GA 30348 
Tel: (404) 955-1500 

WESTERN USA 

Hewlett-Packard Co. 
3939 Lankershim Blvd. 
P.O. Box 3919 
LOS ANGELES, CA 91604 
Tel: (213) 506-3700 



OTHER INTERNATIONAL 
AREAS 

Hewlett-Packard Co. 
Intercontinental Headquarters 
3495 Deer Creek Road 
PALO ALTO, CA 94304 
Tel: (415) 857-1501 
Telex: 034-8300 
Cable: HEWPACK 



ANGOLA 

Telectra 

Empresa TAEcnica de Equipamentos 
R. Barbosa Rodrigues, 41-1 DT. 
Caixa Postal 6487 
LUANDA 

Tel: 35515,35516 
E,P 

ARGENTINA 

Hewlett-Packard Argentina S.A. 
Avenida Santa Fe 2035 
Martinez 1640 BUENOS AIRES 
Tel: 798-5735, 792-1293 
Cable: HEWPACKARG 
A,E,CH,CS,P 

AUSTRALIA 

Adelaide, South Australia 
Office 

Hewlett-Packard Australia Ltd. 
153 Greenhill Road 
PARKSIDE, S.A. 5063 
Tel: 272-5911 
Telex: 82536 

Cable: HEWPARD Adelaide 
A*,CH,CM,CS,E,M,P 

Brisbane, Queensland 
Office 

Hewlett-Packard Australia Ltd. 

10 Payne Road 

THE GAP, Queensland 4061 

Tel: 30-4133 

Telex: 42133 

Cable: HEWPARD Brisbane 
A,CH,CS,CM,E,M,P 

Canberra, Australia 
Capital Territory 
Office 

Hewlett-Packard Australia Ltd. 
121 Wollongong Street 
FYSHWICK, A.C.T. 2609 
Tel: 80 4244 
Telex: 62650 

Cable: HEWPARD Canberra 
C,CH,CM,CS,E,P 

Melbourne, Victoria 
Office 

Hewlett-Packard Australia Ltd. 
31-41 Joseph Street 
BLACKBURN, Victoria 3130 
Tel: 895-2895 
Telex: 31-024 

Cable: HEWPARD Melbourne 
A,CH,CM,CS,E,M,P 

Perth, Western Australia 
Office 

Hewlett-Packard Australia Ltd. 

261 Stirling Highway 

CLAREMONT, W.A. 6010 

Tel: 383-2188 

Telex: 93859 

Cable: HEWPARD Perth 

A,CH,CM,CS,E,M,P 



Sydney, New South 
Wales Office 

Hewlett-Packard Australia Ltd. 

17-23 Talavera Road 

P.O. Box 308 

NORTH RYDE, N.S.W. 2113 

Tel: 888-4444 

Telex: 21561 

Cable: HEWPARD Sydney 
A,CH,CM,CS,E,M,P 

AUSTRIA 

Hewlett-Packard Ges.m.b.h. 

Grottenhofstrasse 94 

A-8052 GRAZ 

Tel: (0316) 291 5 66 

Telex: 32375 

CH,E 

Hewlett-Packard Ges.m.b.h. 



1 

P.O. Box 72 
A-1222 VIENNA 
Tel: (0222) 23 65 11-0 
Telex: 134425 HEPAA 
A,CH,CM,CS,E,M,P 

BAHRAIN 

Green Salon 
P.O. Box 557 
Manama 
BAHRAIN 

Tel: 255503-255950 
Telex: 84419 
P 

Wael Pharmacy 
P.O. Box 648 
BAHRAIN 

Tel: 256123 

Telex: 8550 WAEL BN 

E,M 

BELGIUM 

Hewlett-Packard Belgium S.A./N.V. 

Blvd de la Woluwe, 100 

Woluwedal 

B-1200 BRUSSELS 

Tel: (02) 762-32-00 

Telex: 23-494 paloben bru 

A,CH,CM,CS,E,M,P 

BERMUDA 

Applied Computer Technologies 
Atlantic House Building 
Par-La- Ville Road 
Hamilton 5 
Tel: 295-1616 
P 

BRAZIL 

Hewlett-Packard do Brasil 
l.e.C. Ltda. 

Alameda Rio Negro, 750 

Alphaville 

06400 BARUERISP 

Tel: (01 1)421.1311 

Telex: (011) 33872 HPBR-BR 

Cable: HEWPACK Sao Paulo 

A,CH,CM,CS,E,M,P 
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BRAZIL (Cont'd) 

Hewlett-Packard do Brasil 
I.e.C. Ltda. 

Avenida Epitacio Pessoa, 4664 
22471 RIO OE JANEIRO-RJ 

Tel: (021)286.0237 

Telex: 021-21905 HPBR-BR 

Cable: HEWPACK Rio de Janeiro 

A,CH,CM,E,M,P* 

Convex/Van Den 

Rua Jose Bonifacio 

458 Todos Os Santos 

CEP 20771 

MODE JANEIRO, RJ 

Tel: 249-7121, 591-4946 

Telex: 33487 

ANAMEDI.CEI.Uda. 

RuaBage, 103 

04012 SAO PAULO 

Tel: (011) 570-5726 

Telex: 021-21905 HPBR-BR 

M 

CANADA 
Alberta 

Hewlett-Packard (Canada) Ltd. 
3030 3rd Avenue N.E. 
CALGARY, Alberta T2A6T7 
Tel: (403) 235-3100 
A,CH,CM,E*,M,P* 
Hewlett-Packard (Canada) Ltd. 
11120-178th Street 
EDMONTON, Alberta T5S1P2 
Tel: (403) 486-6666 
A,CH,CM,CS,E,M,P 

British Columbia 

Hewlett-Packard (Canada) Ltd. 
10691 Shellbridge Way 
RICHMOND, 

British Columbia V6X2W7 
Tel: (604) 270-2277 
Telex: 610-922-5059 
A,CH,CM,CS,E*,M,P* 
Hewlett-Packard (Canada) Ltd. 
121 -3350 Douglas Street 
VICTORIA, British Columbia V8Z 3L1 
Tel: (604)381-6616 
CH.CS 

Manitoba 

Hewlett-Packard (Canada) Ltd. 
1825 Inkster Blvd. 
WINNIPEG, Manitoba R3H 0Y1 
Tel: (204) 786-6701 
A,CH,CM,E,M,P* 

New Brunswick 

Hewlett-Packard (Canada) Ltd. 
37 Shediac Road 

MONCTON, New Brunswick E1A 2R6 

Tel: (506) 855-2841 

CH.CS 

Nova Scotia 

Hewlett-Packard (Canada) Ltd. 
Suite 111 

900 Windmill Road 
DARTMOUTH, Nova Scotia B2Y 3Z6 
Tel: (902) 469-7820 
CH,CM,CS,E*,M,P* 



Ontario 

Hewlett-Packard (Canada) Ltd. 
3325 N. Service Rd., Unit 6 
BURLINGTON, Ontario P3A 2A3 
Tel: (416) 335-8644 
CS,M* 

Hewlett-Packard (Canada) Ltd. 
496 Days Road 
KINGSTON, Ontario K7M 5R4 
Tel: (613) 384-2088 
CH.CS 

Hewlett-Packard (Canada) Ltd. 
552 Newbold Street 
LONDON, Ontario N6E2S5 
Tel: (519) 686-9181 
A,CH,CM,E*,M,P* 
Hewlett-Packard (Canada) Ltd. 
6877 Goreway Drive 
MISSISSAUGA, Ontario L4V 1M8 
Tel: (416) 678-9430 
A,CH,CM,CS,E,M,P 
Hewlett-Packard (Canada) Ltd. 
2670 Queensview Dr. 
OTTAWA, Ontario K2B 8K1 
Tel: (613) 820-6483 
A,CH,CM,CS,E',MS,P* 
Hewlett-Packard (Canada) Ltd. 
1855 Lasalle Boulevard 
SUDBURY, Ontario, P3A 2A3 
Tel: (705)560-5450 
CH 

Hewlett-Packard (Canada) Ltd. 
220 Yorkland Blvd. Unit #11 
WILLOWDALE, Ontario M2J 1R5 
Tel: (416) 499-9333 
CH 

Quebec 

Hewlett-Packard (Canada) Ltd. 
17500 South Service Road 
Trans-Canada Highway 
KIRKLAND, Quebec H9J 2M5 
Tel: (514)697-4232 
A,CH,CM,CS,E,M,P* 
Hewlett-Packard (Canada) Ltd. 
1150 Rue Claire Fontaine 
QUEBEC CITY, Quebec G1R5G4 
Tel: (418) 648-0726 
CH.CS 

Hewlett-Packard (Canada) Ltd. 
#7-130 Robin Crescent 
SASKATOON, Saskatchewan S7L 6M7 
Tel: (306) 242-3702 
CH.CS 

CHILE 

ASCLtda. 
Austria 2041 
SANTIAGO 

Tel: 223-5946, 223-6148 
Telex: 340192 ASCCK 
P,C 

Jorge CalcagnlyCla. Ltda. 

Av. Italia 634 Santiago 

Casilla 16475 

SANTIAGO 9 

Tel: 222-0222 

Telex: 440283 JCYCLCZ 

CM,EM 



MetrolabS.A. 
Monjitas 454 of. 206 
SANTIAGO 

Tel: 395752, 398296 
Telex: 340866 METLAB CK 
A 

Olympia (Chile) Ltda. 

Av. Rodrigo deAraya 1045 

Casilla 256-V 

SANTIAG021 

Tel: 225-5044 

Telex: 340892 OL YMP 

Cable: Olympiachile Santiagochile 

CH,CS,P 

CHINA, People's 
Republic of 

China Hewlett-Packard Co., Ltd. 
6th Floor, Sun Hung Kai Centre 
30 Harbour Road 
HONGKONG 

Tel: 5-8323211 

Telex: 36678 HEWPA HX 

A,C,CH,CS,E,M,P 

China Hewlett-Packard Rep. Office 

P.O.Box418 

1A Lane 2, Luchang St. 

Beiwei Rd., Xuanwu District 

BEIJING 

Tel: 33-1947, 33-7426 
Telex: 22601 CTSHPCN 
Cable: 1920 
A,CH,CM,CS,E,P 

COLOMBIA 

InstrumentaciAOn 

H. A. Langebaeki KierSA. 

Carrera 4A No. 52A-26 

ApartadoAereo6287 

BOGOTA 1, D.E. 

Tel:212-1466 

Telex: 44400 INST CO 

Cable: AARIS Bogota 

CM.E.M 

Nefromedlcas Ltda. 
Calle 123 No. 9B-31 
Apartado Aereo 100-958 
BOGOTA D.E, 10 
Tel: 213-5267, 213-1615 
Telex: 43415 HEGAS CO 
A 

Procesa, S.A. 
CRA7No.24-89Piso25 
Torre Colpatria 
Apartado Aereo No. 49667 
BOGOTA D.E. 

Tel: 2344925, 2344958, 2344742 
Telex: 43127 COVER CO 
C,P 

Compumundo 
Avenida 15# 107-80 
BOGOTA D.E 
Tel:214-4458 
Telex: 45466 MARICO 
P 



COSTA RICA 

Cientlfica Costarricense S.A. 

Avenida 2, Calle 5 

San Pedro de Montes de Oca 

Apartado 10159 

SAN JOSE 

Tel: 24-38-20, 24-08-19 
Telex: 2367 GALGURCR 
CM.E.U 

CYPRUS 

Telerexa Ltd. 

P.O. Box 4809 

14C Stassinos A venue 

NICOSIA 

Tel: 62698 

Telex: 2894 LEVIDO CY 
EMP 

DENMARK 

Hewlett-Packard A/S 
Datavej 52 
DK-3460 BIRKEROD 
Tel: (02) 81-66-40 
Telex: 37409 hpas dk 
A,CH,CM,CS,E,M,P 
Hewlett-Packard A/S 
Rolighedsvej 32 
DK-8240RISSKOV,Aarhus 
Tel: (06) 17-60-00 
Telex: 37409 hpas dk 
CH,E 

DOMINICAN REPUBLIC 

Microprog S.A. 

Juan Tomas Me/lay Cotes No. 60 
Arroyo Hondo 
SANTO DOMINGO 
Tel: 565-6268 

Telex: 4510ARENTA DR(RCA) 
P 

ECUADOR 

CYEDECia.Uda. 
Avenida Eloy Alfaro 1749 
yBelgica 
Casilla 6423 CCI 
QUITO 

Tel: 450-975, 243-052 
Telex: 2548 CYEDE ED 
CM.E.P 
HospitalarS. A. 
Robles625 
Casilla 3590 
QUITO 

Tel: 545-250, 545-122 
Telex: 2485 HOSPTL ED 
Cable: HOSPITALAR-Qulto 
M 

QUITO 

Tel: 2-238-951 

Telex: 2298 ECUAME ED 

EGYPT 

Egyptian International 
Office for Foreign Trade 
P.O. Box 2558 
42 El-Zahraa Street 
Dokki, CAIRO, 
Tel: 712230 

Telex: 93337 EGPOR UN 
Cable: EGYPOR 
PA 
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EGYPT (Cont'd) 

INFORMA TIC FOR SYSTEMS 
22 Talaat Harb Street 
CAIRO, 

Tel: 759006 

Telex: 93697 SAFLU UN 
CS 

International Engineering Associates 
24 Hussein Hegazi Street 
Kasr-el-AIni 
CAIRO, 

Tel: 23829, 21641 
Telex: 93830 IEA UN 
Cable: INTEGASSO 
E 

S.S.C. Medical 

40 Gezerat El Arab Street 

Mohandessin 

CAIRO, 

Tel: 803844, 805998, 810263 
Telex: 20503 SSC UN 
W 

EL SALVADOR 

IPESAde El Salvador S.A. 
29 Avenida Norte 1216 
SAN SALVADOR 
Tel: 26-6858, 26-6868 
Telex: 20539 IPESASAL 
A,CH,CM,CS,E,P 

FINLAND 

Hewlett-Packard Oy 
Piispankalliontie 17 
02200 ESPOO 
Tel: 00358-0-88721 
Telex: 121563 HEWPA SF 
CH,CM,SS,P 
Hewlett-Packard Oy 
(Olarinluoma 7) 
PL 24 

42101 ESPO0 10 
Tel: (90) 4521022 
A,E,M 

Hewlett-Packard Oy 
Aatoksenkatv 10-C 
SF-40720-72JYVASKYLA 
Tel: (941) 216318 
CH 

Hewlett-Packard Oy 
Kainvuntie 1-C 
SF-90140-14 OULU 
Tel: (981) 338785 
CH 

FRANCE 

Hewlett-Packard France 
Z.I. Mercure B 
Rue Berthelot 
F-13763l.es Milles Cedex 
AIX-EN-PROVENCE 
Tel: (42) 59-41-02 
Telex: 410770F 
A,CH,E,M,P* 
Hewlett-Packard France 
64, rue Marchand Salllant 
F-61000 ALENCON 
Tel: (33) 29 04 42 



Hewlett-Packard France 
Boite Postale 503 
F-25026 BESANCON 
28 rue de la Republlque 
F-25000 BESANCON 
Tel: (81) 83-16-22 
Telex: 361157 
CH,M 

Hewlett-Packard France 
13, Place Napoleon III 
F-29000 BREST 
Tel: (98) 03-38-35 
Hewlett-Packard France 
Chemln des Mouilles 
Boite Postale 162 
F-69130 ECULLY Cedex (Lyon) 
Tel: (78) 833-81-25 
Telex: 310617F 
A,CH,CS,E,M 
Hewlett-Packard France 
Pare d'Activite du Bois Briard 
Ave. du Lac 
F-91040EVRY Cedex 
Tel: 6 077-8383 
Telex: 692315F 
E 

Hewlett-Packard France 

5, Avenue Raymond Chanas 

F-38320 EYBENS (Grenoble) 

Tel: (76)62-67-98 

Telex: 980124 HP GRENOB EYBE 

CH 

Hewlett-Packard France 
Centre d'Affaire Paris-Nord 
Batiment Ampere 5 etage 
Rue de ia Commune de Paris 
Boite Postale 300 
F-93153 LE BLANC MESNIL 
Tel: (1)865-44-52 
Telex: 21 1032F 
CH,CS,E,M 

Hewlett-Packard France 
Pare d'Activites Cadera 
Quartier Jean Mermoz 
Avenue du President JF Kennedy 
F-33700 MERIGNAC (Bordeaux) 
Tel: (56) 34-00-84 
Telex: 550105F 
CH.E.M 

Hewlett-Packard France 
Immueble "Les 3 B" 
Nouveau Chemin de la Garde 
ZAC de Bois Briand 
F-44085 NANTES Cedex 
Tel: (40) 50-32-22 
Telex: 71 1085F 
CH" 

Hewlett-Packard France 
125, rue du Faubourg Bannier 
F-45000 ORLEANS 
Tel: (38) 68 01 63 
Hewlett-Packard France 
Zone Industrielle de Courtaboeuf 
Avenue des Tropiques 
F-91947 Les Ulis Cedex ORSAY 
Tel: (6) 907-78-25 
Telex: 600048F 
A,CH,CM,CS,E,M,P 



Hewlett-Packard France 


Hewlett-Packard GmbH 


Paris Porte-Maillot 


Geschaftsstelle 


15, Avenue de L'Amiral Bruix 


Emanuel-Leutze-Strasse 1 


F-75782 PARIS CEDEX 16 


D-4000 DUSSELDORF 


Tel: (1)502-12-20 


Tel: (021 1)5971-1 


Telex: 613663F 


Telex: 085/86 533 hpdd d 


CH.M.P 


A,CH,CS,E,M,P 


Hewlett-Packard France 


Hewlett-Packard GmbH 


124, Boulevard Tourasse 


Geschaftsstelle 


F-64000 PAU 


Schleefstr. 28a 


Tel: (59) 80 38 02 


D-4600 DORTMUND-Aplerbeck 


Hewlett-Packard France 


Tel: (0231) 45001 


2 AIIAEe de la Bourgonnette 


Hewlett-Packard GmbH 


F-35100 RENNES 


Vertriebszentrale Frankfurt 


Tel: (99) 51-42-44 


Berner Strasse 117 


Telex: 740912F 


Postfach 560 140 


CH,CM,E,M,P* 


D-6000 FRANKFURT 56 


Hewlett-Packard France 


Tel: (0611) 50-04-1 


98 Avenue de Bretagne 


Telex: 04 13249 hpffm d 


F-76100 ROUEN 


A,CH,CM,CS,E,M,P 


Tel: (35) 63-57-66 


Hewlett-Packard GmbH 


Telex: 770035F 


Geschaftsstelle 


CH",CS 


Aussenstelle Bad Homburg 


Hewlett-Packard France 


Louisenstrasse 115 


4 Rue Thomas Mann 


D-6380 BAD HOMBURG 


Boite Postale 56 


Tel: (06172) 109-0 


F-67033 STRASBOURG Cedex 


Hewlett-Packard GmbH 


Tel: (88)28-56-46 


Geschaftsstelle 


Telex: 890141F 


Kapstadtring 5 


CH,E,M,P* 


D-2000 HAMBURG 60 


Hewlett-Packard France 


Tel: (040) 63804-1 


Le PAEripole 


Telex: 021 63 032 hphhd 


20, Chemin du Pigeonnier de la 


A,CH,CS,E,M,P 


CAEpiGEere 


Hewlett-Packard GmbH 


F-31083 TOULOUSE Cedex 


Geschaftsstelle 


Tel: (61) 40-1 1-12 


Heidering 37-39 


Telex: 531639F 


D-3000 HANNOVER 61 


A,CH,CS,E,P* 


Tel: (051 1)5706-0 


Hewlett-Packard France 


Telex: 092 3259 


9, rue Baudin 


A,CH,CM,E,M,P 


F-26000 VALENCE 


Hewlett-Packard GmbH 


Tel: (75) 42 76 16 


Geschaftsstelle 


Hewlett-Packard France 


Rosslauer Weg 2-4 


Carolor 


D-6800 MANNHEIM 


ZAC de Bois Briand 


Tel: (0621) 70050 


F-57640VK3Y(Metz) 


leiex. 04b^ iUo 


Tel: (8) 771 20 22 


A,C,c 


CH 


Hewlett-Packard GmbH 


Hewlett-Packard France 


Geschaftsstelle 


Immeuble PEricentre 


Messerschmittstrasse 7 


F-59658 VILLENEUVE D'ASCQ Cedex 


D-7910 NEU ULM 


Tel: (20) 91-41-25 


Tel: 0731-70241 


Telex: 160124F 


Telex: 0712816 HP ULM-D 


CH,E,M,P* 


A,C,E* 


GERMAN FEDERAL 


Hewlett-Packard GmbH 


REPUBLIC 


Geschaftsstelle 


Hewlett-Packard GmbH 


Ehhericherstr. 13 


Geschaftsstelle 


D-8500 NURNBERG 10 


Keithstrasse 2-4 


Tel: (091 1)5205-0 


D-1000 BERLIN 30 


i eiex. uq£o oou 


Tel: (030) 24-90-86 


CH,CM,E,M,P 


Telex: 018 3405 hpbln d 


Hewlett-Packard GmbH 


A,CH,E,M,P 


Geschaftsstelle 


Hewlett-Packard GmbH 


Eschenstrasse 5 


Geschaftsstelle 


D-8028 TAUFKIRCHEN 


Herrenberger Strasse 130 
D-7030 BOBLINGEN 


Tel: (089) 61 17-1 
Telex: 0524985 


Tel: (7031) 14-0 


A,CH,CM,E,M,P 


Telex: 07265739 


GREAT BRITAIN 


A,CH,CM,CS,E,M,P 


See United Kingdom 
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GREECE Blue Star Ltd. Blue Star Ltd. Computation and Measurement 
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ITALY (Cont'd) 

Hewlett-Packard Italiana S.p.A. 
ViadiCasellina57/C 
1-50018 SCANDICCI-FIRENZE 

Tel: (055) 753863 
CH,E,M 

Hewlett-Packard Italiana S.pA 
Corso Svizzera, 185 

1- 10144 TORINO 
Tel: (011) 74 4044 
Telex: 221079 
A*,CS,CH,E 

JAPAN 

Yokogawa-Hewlett-Packard Ltd. 

152-1, Onna 

ATSUGI, Kanagawa, 243 

Tel: (0462) 28-0451 

CM,C*,E 

Yokogawa-Helwett-Packard Ltd. 

Melji-Seimei Bldg. 6F 

3-1 Hon Chiba-Cho 

CHIBA.280 

Tel: 472 25 7701 

E,CH,CS 

Yokogawa-Hewlett-Packard Ltd. 
Yasuda-Seimei Hiroshima Bldg. 
6-11, Hon-dori, Naka-ku 
HIROSHIMA, 730 
Tel: 82-241-0611 
Yokogawa-Hewlett-Packard Ltd. 
Towa Building 

2- 3, Kaigan-dori, 2 Chome Chuo-ku 
KOBE, 650 

Tel: (078) 392-4791 
C.E 

Yokogawa-Hewlett-Packard Ltd. 
Kumagaya Asahi 82 Bldg 

3- 4 Tsukuba 
KUMAGAYA, Saitama 360 
Tel: (0485) 24-6563 
CH.CM.E 

Yokogawa-Hewlett-Packard Ltd. 
Asahi Shinbun Daiichi Seimei Bldg. 

4- 7, Hanabata-cho 
KUMAMOTO.860 
Tel: (0963) 54-7311 
CH.E 

Yokogawa-Hewlett-Packard Ltd. 
Shin-Kyoto Center Bldg. 
614, Higashi-Shiokoji-cho 
Karasuma-Nishiiru 
Shiokoji-dori, Shimogyo-ku 



Yokogawa-Hewlett-Packard Ltd. 

Sumitomo Seimei 14-9 Bldg. 

Meieki-Minami, 2 Chome 

Nakamura-ku 

NAGOYA.450 

Tel: (052) 571-5171 

CH,CM,CS,E,M 

Yokogawa-Hewlett-Packard Ltd. 
Chuo Bldg., 

4-20 Nishinakajima, 5 Chome 

Yodogawa-ku 

OSAKA, 532 

Tel: (06) 304-6021 

Telex: YHPOSA 523-3624 

A,CH,CM,CS,E,M,P* 

Yokogawa-Hewlett-Packard Ltd. 

27-15, Yabe, 1 Chome 

SAGAMIHARA Kanagawa, 229 

Tel: 0427 59-1311 

Yokogawa-Hewlett-Packard Ltd. 

Daiichi Seimei Bldg. 

7-1, Nishi Shinjuku, 2 Chome 

Shinjuku-kuJOKY0 160 

Tel: 03-348-4611 

CH,E 

Yokogawa-Hewlett-Packard Ltd. 

29- 21 Takaido-Higashi, 3 Chome 
Suginami-ku TOKY0 168 

Tel: (03)331-6111 
Telex: 232-2024 YHPTOK 
A,CH,CM,CS,E,M,P* 
Yokogawa-Hewlett-Packard Ltd. 
Daiichi Asano Building 
2-8, Odori, 5 Chome 
UTSUNOMIYA,Tochigl320 
Tel: (0286) 25-7155 
CH.CS.E 

Yokogawa-Hewlett-Packard Ltd. 
Yasuda Seimei Nishiguchi Bldg. 

30- 4 Tsuruya-cho, 3 Chome 
YOKOHAMA 221 

Tel: (045) 312-1252 
CH.CM.E 

JORDAN 

Scientific and Medical Supplies Co. 

P.O. Box 1387 

AMMAN 

Tel: 24907, 39907 
Telex: 21456 SABCO JO 
CH,E,M,P 

KENYA 

AnnnUlM Inr Kanua 



KUWAIT 

Al-Khaldiya Trading & Contracting 

P.O. Box 830 

SAFAT 

Tel: 424910, 411726 
Telex: 22481 AREEGKT 
Cable: VISCOUNT 
E,M,A 

Photo & Cine Equipment 

P.O. Box 270 

SAFAT 

Tel:2445111 

Telex: 22247 MATIN KT 

Cable: MATIN KUWAIT 

P 

W.J. Towell Computer Services 

P.O. Box 75 

SAFAT 

Tel: 2462640/1 

Telex: 30336 TOWELL KT 

C 

LEBANON 

Computer Information Systems 

P.O. Box 11-6274 

BEIRUT 

Tel: 89 40 73 

Telex: 42309 

C.EMP 

LUXEMBOURG 

Hewlett-Packard Belgium S.A./N.V. 

Blvd de la Woluwe, 100 

Woluwedal 

B-1200 BRUSSELS 

Tel: (02) 762-32-00 

Telex: 23-494 paloben bru 

A,CH,CM,CS,E,M,P 

MALAYSIA 

Hewlett-Packard Sales (Malaysia) 
Sdn. Bhd. 

1st Floor, Bangunan British 
American 

Jaian Semantan, Damansara Heights 

KUALA LUMPUR 23-03 

Tel: 943022 

Telex: MA31011 

A,CH,E,M,P* 

Protel Engineering 

P.O.Box 1917 

Lot 6624, Section 64 

23/4 Pending Road 

Kuching, SARAWAK 

Tel: 36299 



Hewlett-Packard Mexicana, S.A. 
deC.V. 

Czda. del Valle 

409 Ote. 1 °Piso 

Colonia del Valle 

Municipio de Garza Garcia 

66220 MONTERREY, Nuevo LeAOn 

Tel: 78 42 41 

Telex: 038 410 

CH 

Equipos Cientificos de Ocddente, S.A. 

Av. Lazaro Cardenas 3540 

GUADALAJARA 

Tel: 21-66-91 

Telex: 0684186 ECOME 

A 

Infograficas y Sistemas del Noreste, S.A. 

Rio Orinoco III 171 Oriente 

Despacho2001 

Colonia Del Valle 

MONTERREY 

Tel: 782499J81259A 

A 

MOROCCO 

Dolbeau 

81 rue Karatchi 

CASABLANCA 

Tel: 3041-82, 3068-38 
Telex: 23051, 22822 
E 

Gerep 

2rued'Agadir 
BoitePostale 156 
CASABLANCA 

Tel: 272093, 272095 
Telex: 23 739 
P 

Sema-Maroc 
Rue Lapebie 
CASABLANCA 

Tel: 26.09.80 
CH,CS,P 

NETHERLANDS 

Hewlett-Packard Nederland B.V. 
Van Heuven Goedhartlaan 121 
NL 1181KK AMSTELVEEN 
P.O. Box 667 
NL1 180 AR AMSTELVEEN 
Tel: (020) 47-20-21 
Telex: 13 216 HEPA NL 
A,CH,CM,CS,E,M,P 



SALES & SUPPORT OFFICES 

Arranged alphabetically by country 



NEW ZEALAND 

Hewlett-Packard (N.Z.) Ltd. 
5 Owens Road 
P.O. Box 26-189 
Epsom, AUCKLAND 
Tel: 687-159 

Cable: HEWPAK Auckland 
CH,CS,CM,E,P* 
Hewlett-Packard (N.Z.) Ltd. 
4-12 Cruickshank Street 
Kilbirnie, WELLINGTON 3 
P.O. Box 9443 

Courtenay Place, WELLINGTON 3 

Tel: 877-199 

Cable: HEWPACK Wellington 
CH,CS,CM,E,P 

Northrop Instruments & Systems Ltd. 

369 Khyber Pass Road 

P.O. Box 8602 

AUCKLAND 

Tel: 794-091 

Telex: 60605 

AM 

Northrop Instruments S Systems Ltd. 

UOMandevilleSt. 

P.O. Box 8388 

CHRISTCHURCH 

Tel: 488-873 

Telex: 4203 

AM 

Northrop Instruments & Systems Ltd. 

Sturdee House 

85-87 Ghuznee Street 

P.O. Box2406 

WELLINGTON 

Tel: 850-091 

Telex: NZ 3380 

AM 

NORTHERN IRELAND 
See United Kingdom 
NORWAY 

Hewlett-Packard Norge A/S 
Folke Bernadottes vei 50 
P.O. Box 3558 

N-5033 FYLLINGSDALEN (Bergen) 
Tel: 0047/5/16 55 40 
Telex: 16621 hpnasn 
CH,CS,E,M 

Hewlett-Packard Norge A/S 
UCOsterndalen 16-18 
P.O. Box 34 
N-1345 OCUSTERAS 
Tel: 0047/2/17 11 80 
Telex: 16621 hpnas n 
A,CH,CM,CS,E,M,P 

OMAN 

Khim/il Ramdas 
P.O. Box 19 
MUSCAT 

Tel: 722225, 745601 

Telex: 3289 BROKER MB MUSCA T 

P 

SuhallS SaudBahwan 
P.O.Box 169 
MUSCAT 

Tel: 734 201-3 

Telex: 3274 BAHWAN MB 

E 



ImtacLLC 
P.O. Box 8676 
MUTRAH 

Tel: 601695 

Telex: 574 1 Tawoos On 
ACM 

PAKISTAN 

Mushko& Company Ltd. 
House No. 16, Street No. 16 
Sector F-6/3 
ISLAMABAD 

Tel: 824545 

Cable: FEMUS Islamabad 
A,E,M,P' 

Mushko & Company Ltd. 
Oosman Chambers 
Abdullah Haroon Road 
KARACHI 0302 
Tel: 524131, 524132 
Telex: 2894 MUSKO PK 
Cable: COOPERA TOR Karachi 
A,E,M,P' 

PANAMA 

ElectrOnico Balboa, S.A. 

Calle Samuel Lewis, Ed. Alfa 

Apartado4929 

PANAMA 5 

Tel: 634613, 63-6748 

Telex: 3483 ELECTRON PG 

A,CM,EM,P 

PERU 

Cia Electro MedicaS.A. 
Los Flamencos 145, San Isidro 
Casilla 1030 
LIMA 1 

Tel: 41-4325, 41-3703 
Telex: Pub. Booth 25306 
CM,E,M,P 
SAMS 

RioDe La Plata 305 
SAN ISIDRO 

Tel: 419928 

Telex: 394 20450 PEUBERTAD 
P 

PHILIPPINES 

The Online Advanced Systems 
Corporation 

Rico House, Amorsolo Cor. Herrera 
Street 

Legaspi Village, Makati 

P.O. Box 1510 

Metro MANILA 

Tel: 81548-11 (up to 16) 

Telex: 63274 Online PN 

A,CH,CS,E,M 

Electronic Specialists and 

Proponents Inc. 

690-B Epifanio de los Santos 

Avenue 

Cubao, QUEZON CITY 

P.O. Box 2649 Manila 

Tel: 98-96-81, 98-96-82, 98-96-83 

Telex: 40018, 42000 ITT GLOBE / 

KAY BOOTH 

P 



PORTUGAL 

Mundinter 

Intercambio Mundial de ComAErcio 
S.A.R.L. 
P.O. Box2761 

Av. Antonio Augusto de Aguiar 138 
LISBON 

Tel: (19) 53-21-31, 53-21-37 
Telex: 1669 1 munter p 
M 

Soquimica 

Av. da Liberdade, 220-2 
1298 1ISB0A Codex 
Tel: 56 21 81/2/3 
Telex: 13316 SABASA 
P 

Telectra-Empresa Tecnica de 
Equipmentos Electricos S.A.R.L. 
Rua Rodrigo da Fonseca 103 
P.O. Box 2531 
^-LISBON / 
Tel: (19) 68-60-72 
Telex: 12598 
CM,E 

Rarcentro Ltda 
R. Costa Cabral 575 
4200 PORTO 
Tel: 499174/495173 
Telex: 26054 
CH.CS 

PUERTO RICO 

Hewlett-Packard Puerto Rico 
101 MuANoz Rivera Av 
Esu. Calle Ochoa 
HATO REY, Puerto Rico 00918 
Tel: (809) 754-7800 
A,CH,CS,CM,M,E,P 

QATAR 

Computer Arabia 
P.O. Box 2750 
DOHA 
Tel: 883555 
Telex: 4806 CHPARB 
P 

Nasser Trading & Contracting 
P.O.Box 1563 
DOHA 

Tel: 422170 

Telex: 4439 NASSER DH 
M 

SAUDI ARABIA 

Modem Electronic Establishment 
Hewlett-Packard Division 
P.O. Box 281 
Thuobah 
AL-KHOBAR 
Tel: 895-1760, 895-1764 
Telex: 671 106HPMEEKSJ 
Cable: ELECTA AL-KHOBAR 
CH,CS,E,M 

Modern Electronic Establishment 
Hewlett-Packard Division 
P.O. Box 1228 
Redec Plaza, 6th Floor 
JEDDAH 
Tel: 644 38 48 
Telex: 4027 12 FARNAS SJ 
Cable: ELECTA JEDDAH 
A,CH,CS,CM,E,M,P 



Modern Electronic Establishment 
Hewlett-Packard Division 
P.O.Box22015 
RIYADH 

Tel: 491-97 15, 491-63 87 

Telex: 202049 MEERYD SJ 

CH,C$,E,M 

Abdul Ghani El Ajou 

P.O. Box 78 

RIYADH 

Tel: 4041 717 

Telex: 200 932 EL AJOU 

P 

SCOTLAND 

See United Kingdom 

SINGAPORE 

Hewlett-Packard Singapore (Sales) 
Pte. Ltd. 

#08-00 Inchcape House 
450-2 Alexandra Road 
P.O. Box 58 Alexandra Rd. Post 
Office 

SINGAPORE, 9115 
Tel: 631788 

Telex: HPSGSO RS 34209 

Cable: HEWPACK, Singapore 

A,CH,CS,E,MS,P 

Dynamar International Ltd. 

Unit 05- 11 Block 6 

Kolam Ayer Industrial Estate 

SINGAPORE 1334 

Tel: 747-6188 

Telex: RS 26283 

CM 

SOUTH AFRICA 

Hewlett-Packard So Africa (Pty.) Ltd. 
P.O. Box 120 

Howard Place CAPE PROVINCE 7450 
Pine Park Center, Forest Drive, Pine- 
lands 

CAPE PROVINCE 7405 
Tel: 53-7954 
Telex: 57-20006 
A,CH,CM,E,M,P 

Hewlett-Packard So Africa (Pty.) Ltd. 

P.O. Box 37099 

Overport Drive 92 

DURBAN 4067 

Tel: 28-4178 

Telex: 6-22954 

CH.CM 

Hewlett-Packard So Africa (Pty.) Ltd. 

6 Linton Arcade 

511 Cape Road 

Linton Grange 

PORT ELIZABETH 6001 

Tel: 041-301201 

CH 

Hewlett-Packard So Africa (Pty.) Ltd. 
Fountain Center 
Kalkden Str. 
Monument Park 
Ext 2 

PRETORIA 0105 
Tel: 45-5723 
Telex: 32163 
CH,E 



SALES & SUPPORT OFFICES 

Arranged alphabetically by country 



SOUTH AFRICA (Cont'd) 

Hewlett-Packard So Africa (Pty.) Ltd. 

Private Bag Wendywood 

SANDTON 2144 

Tel: 802-5111, 802-5125 

Telex: 4-20877 

Cable: HEWPACK Johannesburg 
A,CH,CM,CS,E,M,P 

SPAIN 

Hewlett-Packard Espariola S.A. 
Calle Entenza, 321 
E-BARCELONA 29 

Tel: 322.24.51,321.73.54 
Telex: 52603 hpbee 
A,CH,CS,E,M,P 

Hewlett-Packard Espafiola S.A. 
Calle San Vicente S/No 
EdificioAlbia II 7B 
E-BILBAO 1 
Tel: 423.83.06 
A,CH,E,M 

Hewlett-Packard Espariola S.A. 
Crta. de la Coruna, Km. 16, 400 
Las Rozas 
E-MADRID 

Tel: (1)637.00.11 
Telex: 23515 HPE 
CH.CS.M 

Hewlett-Packard Espafiola S.A. 

Avda. S. Francisco Javier, S/no 

Planta 10. Edificio Sevilla 2, 

E-SEVILLA 5 

Tel: 64.44.54 

Telex: 72933 

A,CS,M,P 

Hewlett-Packard Espariola S.A. 
C/lsabel La Catolica, 8 
E-46004 VALENCIA 
Tel: 0034/6/351 5944 
CH,P 

SWEDEN 

Hewlett-Packard Sverige AB 

Sunnanvagen 14K 

S-22226 LUND 

Tel: (046) 13-69-79 

Telex: (854) 17886 (via Spanga 

office) 

CH 

Hewlett-Packard Sverige AB 

Ostra Tullgatan 3 

S-21128MALMO 

Tel: (040) 70270 

Telex: (854) 17886 (via Spanga 

office) 

Hewlett-Packard Sverige AB 

Vastra Vintergatan 9 

S-70344 OREBRO 

Tel: (19) 10-48-80 

Telex: (854) 17886 (via Spanga 

office) 

CH 

Hewlett-Packard Sverige AB 
Skalholtsgatan 9, Kista 
Box 19 

S-16393 SPANGA 
Tel: (08) 750-2000 
Telex: (854) 17886 
Telefax: (08) 7527781 
A,CH,CM,CS,E,M,P 



Hewlett-Packard Sverige AB 

Frotallisgatan 30 

S-42132 VASTRA-FROLUNDA 

Tel: (031)49-09-50 

Telex: (854) 17886 (via Spanga 

office) 

CH,E,P 

SWITZERLAND 

Hewlett-Packard (Schweiz) AG 

Clarastrasse 12 

CH-4058 BASEL 

Tel: (61) 33-59-20 

A 

Hewlett-Packard (Schweiz) AG 
7, rue du Bois-du-Lan 
Case Postale 365 
CH-1217MEYRIN2 
Tel: (0041)22-83-11-11 
Telex:27333 HPAG CH 
CH.CM.CS 

Hewlett-Packard (Schweiz) AG 

Allmend 2 

CH-8967 WIDEN 

Tel: (0041) 57 31 21 11 

Telex: 53933 hpag ch 

Cable: HPAG CH 

A,CH,CM,CS,E,M,P 

SYRIA 

General Electronic Inc. 

Nuri Basha AhnafEbn Kays Street 

P.O. Box 5781 

DAMASCUS 

Tel: 33-24-87 

Telex: 411 215 

Cable: ELECTROBOR DAMASCUS 
E 

Middle East Electronics 

P.O.Box 2308 

Abu Rumnaneh 

DAMASCUS 

Tel: 33 45 92 

Telex: 411 304 

M 

TAIWAN 

Hewlett-Packard Taiwan 

Kaohsiung Office 

11/F 456, Chung Hsiao 1st Road 

KAOHSIUNG 

Tel: (07) 2412318 

CH.CS.E 

Hewlett-Packard Taiwan 

8th Floor Hewlett-Packard Building 

337 Fu Hsing North Road 

TAIPEI 

Tel: (02) 712-0404 

Telex: 24439 HEWPACK 

Cable:HEWPACK Taipei 

A,CH,CM,CS,E,M,P 

Ing Lih Trading Co. 

3rd Floor, 7Jen-Ai Road, Sec. 2 

TAIPE1 100 

Tel: (02) 3948191 

Cable: INGLIH TAIPEI 

A 



THAILAND 

Unimesa 

30 Patpong Ave., Suriwong 
BANGKOK 5 

Tel: 235-5727 

Telex: 84439 Simonco TH 

Cable: UNIMESA Bangkok 

A, CH,CS,E,M 

Bangkok Business Equipment Ltd. 

5/5-6 Dejo Road 

BANGKOK 

Tel: 234-8670, 234-8671 
Telex: 87669-BEQUIPT TH 
Cable: BUSIQUIPT Bangkok 
P 

TOGO 

Societe Africaine De 
Promotion 

B. P. 12271 
LOME 

Tel: 21-62-88 
Telex: 5304 
P 

TRINIDAD & TOBAGO 

Caribbean Telecoms Ltd. 

Comer McAllister Street & 

Eastern Main Road, Laventille 

P.O. Box 732 

PORT-OF-SPAIN 

Tel: 624-4213 

Telex: 22561 CARTEL WG 

Cable: CARTEL, PORT OF SPAIN 

CM,E,M,P 

Computer and Controls Ltd. 
P.O. Box 51 

66 Independence Square 
PORT-OF-SPAIN 

Tel: 623-4472 

Telex: 3000 POSTLXWG 

P 

TUNISIA 

Tunisie Electronique 

31 A venue de la Liberie 

TUNIS 

Tel: 280-144 

CH,CS,E,P 

Corema 

1 ter. Av. de Carthage 
TUNIS 

Tel:253-821 

Telex: 12319 CABAMTN 
M 

TURKEY 

EM.A 

Medina Eldem Sokak No. 4 1/6 

Yenisehir 

ANKARA 

Tel:319175 

Telex: 42321 KTXTR 

Cable: EMA TRADE ANKARA 

M 

Kurt S Kurt AS. 
Mithatpasa CaddesiNo. 75 
Kat4Klzilay 
ANKARA 

Tel: 318875/6/7/8 
Telex: 42490 MESRTR 
A 



Saniva Bilgisayar Sistemleri A.S. 

Buyukdere Caddesi 103/6 

Gayrettepe 

ISTANBUL 

Tel: 1673180 

Telex: 26345 SANITR 

C,P 

Teknim Company Ltd. 
Iran Caddesi No. 7 
Kavaklidere 
ANKARA 

Tel: 275800 

Telex: 42155 TKNMTR 
E.CM 

UNITED ARAB 
EMIRATES 

EmitacLtd. 
P.O. Box 1641 
SHARJAH, 

Tel:S91181 

Telex: 68136 EMITAC EM 

Cable: EMITAC SHARJAH 

E,C,M,P,A 

EmitacLtd. 

P.O. Box 2711 

ABU DHABI, 

Tel: 820419-20 

Cable: EMITACH ABUDHABI 

EmitacLtd. 

P.O. Box 8391 

DUBAI, 

Tel: 377951 

EmitacLtd. 
P.O. Box 473 
RAS AL KHAIMAH, 

Tel: 28133, 21270 

UNITED KINGDOM 

GREAT BRITAIN 

Hewlett-Packard Ltd. 
Trafalgar House 
Navigation Road 
ALTRINCHAM 
Cheshire WA14 1NU 
Tel: 061 928 6422 
Telex: 668068 
A,CH,CS,E,M,M,P 
Hewlett-Packard Ltd. 
Miller House 
The Ring, BRACKNELL 
Berks RG12 1XN 
Tel: 44344 424898 
Telex: 848733 
E 

Hewlett-Packard Ltd. 
Elstree House, Elstree Way 
BOREHAMWOOD, Herts WD6 1SG 
Tel: 01 207 5000 
Telex: 8952716 
E,CH,CS,P 
Hewlett-Packard Ltd. 
Oakfield House, Oakfield Grove 
Clifton BRISTOL, Avon BS8 2BN 
Tel: 0272 736806 
Telex: 444302 
CH,CS,E,P 



SALES & SUPPORT OFFICES 

Arranged alphabetically by country 



GREAT BRITAIN (Cont'd) 

Hewlett-Packard Ltd. 
Bridewell House 
Bridewell Place 
LONDON EC4V6BS 
Tel: 01 583 6565 
Telex: 298163 
CH.CS.P 

Hewlett-Packard Ltd. 
Fourier House 
257-263 High Street 
LONDON COLNEY 
Herts. AL2 1HA, St. Albans 
Tel: 0727 24400 
Telex: 1-8952716 
CH.CS 

Hewlett-Packard Ltd. 
Pontefract Road 

NORMANTON, West Yorkshire WF6 1RN 
Tel: 0924 895566 
Telex: 557355 
CH,CS,P 

Hewlett-Packard Ltd. 

The Quadrangle 

106-1 18 Station Road 

REDHILL, Surrey RH1 1PS 

Tel: 0737 68655 

Telex: 947234 

CH,CS,E,P 

Hewlett-Packard Ltd. 

Avon House 

435 Stratford Road 

Shirley, SOLIHULL, West Midlands 

B90 4BL 

Tel: 021 745 8800 
Telex: 339105 
CH,CS,E,P 
Hewlett-Packard Ltd. 
West End House 
41 High Street, West End 
SOUTHAMPTON 
Hampshire S03 3DQ 
Tel: 04218 6767 
Telex: 477138 
CH.CS.P 

Hewlett-Packard Ltd. 
King Street Lane 
Winnersh, WOKINGHAM 
Berkshire RG 11 5AR 
Tel: 0734 784774 
Telex: 847178 
A,CH,CS,E,M,P 

Hewlett-Packard Ltd. 
Nine Mile Ride 

Easthampstead, WOKINGHAM 
Berkshire, 3RG113LL 
Tel: 0344 773100 
Telex: 848805 
CH,CS,E,P 

IRELAND 

NORTHERN IRELAND 

Hewlett-Packard Ltd. 
Cardiac Services Building 
95A Finaghy Road South 
BELFAST BT10OBY 
Tel: 0232 625-566 
Telex: 747626 
CH.CS 



SCOTLAND 

Hewlett-Packard Ltd. 
SOUTH QUEENSFERRY 

West Lothian, EH30 9TG 
Tel: 031 331 1188 
Telex: 72682 
CH,CM,CS,E,M,P 

UNITED STATES 

Alabama 

Hewlett-Packard Co. 

700 Century Park South, Suite 128 

BIRMINGHAM, AL 35226 

Tel: (205) 822-6802 

C,CH,CS,P* 

Hewlett-Packard Co. 

420 Wynn Drive 

P.O. Box 7700 

HUNTSVILLE, AL 35807 

Tel: (205) 830-2000 

C,CH,CM,CS,E,M* 

Alaska 

Hewlett-Packard Co. 
3601 CSt., Suite 1234 
ANCHORAGE, AK 99503 
Tel: (907) 563-8855 
CH.CS.E 

Arizona 

Hewlett-Packard Co. 
8080 Pointe Parkway West 
PHOENIX, AZ 85044 
Tel: (602) 273-8000 
A,CH,CM,CS,E,M 

Hewlett-Packard Co. 
2424 East Aragon Road 
TUCSON, AZ 85706 
Tel: (602) 573-7400 
CH,E,M** 

California 

Hewlett-Packard Co. 
99 South Hill Dr. 
BRISBANE, CA 94005 
Tel: (415) 330-2500 
CH.CS 

Hewlett-Packard Co. 

P.O. Box 7830 (93747) 

5060 E. Clinton Avenue, Suite 102 

FRESNO, CA 93727 

Tel: (209) 252-9652 

CH,CS,M 

Hewlett-Packard Co. 
1421 S. Manhattan Av. 
FULLERTON, CA 92631 
Tel: (714) 999-6700 
CH,CM,CS,E,M 
Hewlett-Packard Co. 
320 S. Kellogg, Suite B 
GOLETA.CA93117 
Tel: (805) 967-3405 
CH 

Hewlett-Packard Co. 
5400 W. Rosecrans Blvd. 
LAWNDALE, CA 90260 
P.O. Box 92105 
LOS ANGELES, CA 90009 
Tel: (213) 643-7500 
Telex: 910-325-6608 
CH.CM.CS.M 



Hewlett-Packard Co. 
3155 Porter Drive 
PALO ALTO, CA 94304 
Tel: (415) 857-8000 
CH.CS.E 

Hewlett-Packard Co. 

4244 So. Market Court, Suite A 

P.O. Box 15976 

SACRAMENTO, CA 95813 

Tel: (916) 929-7222 

A*,CH,CS,E,M 

Hewlett-Packard Co. 

9606 Aero Drive 

P.O. Box 23333 

SAN DIEGO, CA 92123 

Tel: (619) 279-3200 

CH,CM,CS,E,M 

Hewlett-Packard Co. 

2305 Camino Ramon 'C 

SAN RAMON, CA 94583 

Tel: (415) 838-5900 

CH.CS 

Hewlett-Packard Co. 
3005 Scott Boulevard 
SANTA CLARA, CA 95050 
Tel: (408) 988-7000 
Telex: 910-338-0586 
A,CH,CM,CS,E,M 
Hewlett-Packard Co. 
5703 Corsa Avenue 
WESTLAKE VILLAGE, CA 91362 
Tel: (213) 706-6800 
E*,CH*,CS* 

Colorado 

Hewlett-Packard Co. 
24 Inverness Place, East 
ENGLEWOOD,CO80112 
Tel: (303) 649-5000 
A,CH,CM,CS,E,M 

Connecticut 

Eff. Dec 1,1984 
Hewlett-Packard Co. 
500 Sylvan Av. 
BRIDGEPORT, CT 06606 
Tel: (203) 371-6454 
CH.CS.E 

Hewlett-Packard Co. 

47 Barnes Industrial Road South 

P.O. Box 5007 

WALLINGFORD, CT 06492 

Tel: (203) 265-7801 

A,CH,CM,CS,E,M 

Florida 

Hewlett-Packard Co. 

2901 N.W. 62nd Street 

P.O. Box 24210 

FORT LAUDERDALE, FL 33307 

Tel: (305) 973-2600 

CH,CS,E,M,P* 

Hewlett-Packard Co. 

4080 Woodcock Drive, Suite 132 

JACKSONVILLE, FL 32207 

Tel: (904) 398-0663 

C*,CH*,M** 



Hewlett-Packard Co. 
6177 Lake Ellenor Drive 
P.O. Box 13910 
ORLANDO, FL 32859 
Tel: (305) 859-2900 
A,C,CH,CM,CS,E,P* 
Hewlett-Packard Co. 
4700 Bayoue Blvd. 
Building 5 

PENSACOLA, FL 32505 
Tel: (904) 476-8422 
A,C,CH,CM,CS,M 
Hewlett-Packard Co. 
5550 Idlewild, #150 
P.O. Box 15200 
TAMPA, FL 33684 
Tel: (813) 884-3282 
A*,C,CH,CS,E*,M*,P* 

Georgia 

Hewlett-Packard Co. 
2000 South Park Place 
P.O. Box 105005 
ATLANTA, GA 30348 
Tel: (404) 955-1500 
Telex: 810-766-4890 
A,C,CH,CM,CS,E,M,P* 

Hawaii 

Hewlett-Packard Co. 
Kawaiahao Plaza, Suite 190 
567 South King Street 
HONOLULU, HI 96813 
Tel: (808)526-1555 
A,CH,E,M 

Illinois 

Hewlett-Packard Co. 
304 Eldorado Road 
P.O. Box 1607 
BLOOMINGTON, IL 61701 
Tel: (309) 662-9411 
CH,M" 

Hewlett-Packard Co. 
525 W. Monroe, #1300 
CHICAGO, IL 60606 
Tel: (312) 930-0010 
CH.CS 

Hewlett-Packard Co. 
1200 Diehl 

NAPERVILLE,IL 60566 
Tel: (312) 357-8800 
CH'.CS 

Hewlett-Packard Co. 
5201 Tollview Drive 
ROLLING MEADOWS, IL 60008 
Tel: (312) 255-9800 
Telex: 910-687-1066 
A,CH,CM,CS,E,M 

Indiana 

Hewlett-Packard Co. 
11911 N. Meridian St. 
CARMEL, IN 46032 
Tel: (317) 844-4100 
A,CH,CM,CS,E,M 

Iowa 

Hewlett-Packard Co. 
4070 22nd Av.SW 
CEDAR RAPIDS, IA 52404 
Tel: (319) 390-4250 
CH,CS,E,M 



SALES & SUPPORT OFFICES 

Arranged alphabetically by country 



UNITED STATES (Cont'd) 

Hewlett-Packard Co. 
4201 Corporate Dr. 
WEST DES MOINES, IA 50265 
Tel: (515) 224-1435 
A**,CH,M** 

Kentucky 

Hewlett-Packard Co. 

10300 Linn Station Road, #100 

LOUISVILLE, KY 40223 

Tel: (502)426-0100 

A,CH,CS,M 

Louisiana 

Hewlett-Packard Co. 
160 James Drive East 
ST. ROSE, LA 70087 
P.O. Box 1449 
KENNER, LA 70063 
Tel: (504)467-4100 
A,C,CH,E,M,P* 

Maryland 

Hewlett-Packard Co. 
3701 Koppers Street 
BALTIMORE, MD 21227 
Tel: (301) 644-5800 
Telex: 710-862-1943 
A,CH,CM,CS,E,M 
Hewlett-Packard Co. 
2 Choke Cherry Road 
ROCKVILLE, MD 20850 
Tel: (301) 948-6370 
A,CH,CM,CS,E,M 

Massachusetts 

Hewlett-Packard Co. 
1775 Minuteman Road 
ANDOVER, MA 01810 
Tel: (617) 682-1500 

A,C,CH,CS,CM,E,M,P* 

s 

Hewlett-Packard Co. 
32 Hartwell Avenue 
LEXINGTON, MA 02173 
Tel: (617)861-8960 
CH.CS.E 

Michigan 

Hewlett-Packard Co. 
4326 Cascade Road S.E. 
GRAND RAPIDS, Ml 49506 
Tel: (616)957-1970 
CH.CS.M 

Hewlett-Packard Co. 

39550 Orchard Hill Place Drive 

NOVI, Ml 48050 

Tel: (313) 349-9200 

A,CH,CS,E,M 

Hewlett-Packard Co. 

1771 W. Big Beaver Road 

TROY, Ml 48084 

Tel: (313) 643-6474 

CH.CS 

Minnesota 

Hewlett-Packard Co. 
2025 W. Larpenteur Ave. 
ST. PAUL, MN 551 13 
Tel: (612) 644-1 100 
A,CH,CM,CS,E,M 



Missouri 

Hewlett-Packard Co. 
1001 E. 101st Terrace 
KANSAS CITY, MO 64131 
Tel: (816) 941-0411 
A,CH,CM,CS,E,M 
Hewlett-Packard Co. 
13001 Hollenberg Drive 
BRIDGETON, MO 63044 
Tel: (314)344-5100 
A,CH,CS,E,M 

Nebraska 

Hewlett-Packard 
10824 Old Mill Rd., Suite 3 
OMAHA, NE 68154 
Tel: (402)334-1813 
CM,M 

New Jersey 

Hewlett-Packard Co. 
120 W. Century Road 
PARAMUS, NJ 07652 
Tel: (201)265-5000 
A,CH,CM,CS,E,M 
Hewlett-Packard Co. 
20 New England Av. West 
PISCATAWAY, NJ 08854 
Tel: (201) 981-1199 
A,CH,CM,CS,E 

New Mexico 

Hewlett-Packard Co. 
11300 Lomas Blvd.,N.E. 
P.O. Box 11634 
ALBUQUERQUE, NM 87112 
Tel: (505) 292-1330 
CH,CS,E,M 

New York 

Hewlett-Packard Co. 
5 Computer Drive South 
ALBANY, NY 12205 
Tel: (518)458-1550 
A,CH,E,M 

Hewlett-Packard Co. 
9600 Main Street 
P.O. Box AC 
CLARENCE, NY 14031 
Tel: (716) 759-8621 
CH.CS.E 

Hewlett-Packard Co. 
200 Cross Keys Office Park 
FAIRPORT, NY 14450 
Tel: (716)223-9950 
A,CH,CM,CS,E,M 
Hewlett-Packard Co. 
7641 Henry Clay Blvd. 
LIVERPOOL, NY 13088 
Tel: (315) 451-1820 
A,CH,CM,CS,E,M 
Hewlett-Packard Co. 
No. 1 Pennsylvania Plaza 
55th Floor 

34th Street & 8th Avenue 
MANHATTAN NY 10119 
Tel: (212) 971-0800 
CH.CS.M' 
Hewlett-Packard Co. 
15 Myers Corner Rd. 



Hewlett-Packard Co. 
250 Westchester Avenue 
WHITE PLAINS, NY 10604 
Tel: (914) 684-6100 
CM,CH,CS,E 
Hewlett-Packard Co. 
3 Crossways Park West 
WOODBURY, NY 11797 
Tel: (516)921-0300 
A,CH,CM,CS,E,M 

North Carolina 

Hewlett-Packard Co. 
305 Gregson Dr. 
CARY.NC 27511 
Tel: (919) 467-6600 
C,CH,CM,CS,E,M,P* 
Hewlett-Packard Co. 
9600-H Southern Pine Blvd. 
CHARLOTTE, NC 28210 
Tel: (704)527-8780 
CH*,CS* 

Hewlett-Packard Co. 
5605 Roanne Way 
P.O. Box 26500 
GREENSBORO, NC 27420 
Tel: (919) 852-1800 
A,C,CH,CM,CS,E,M,P* 

Ohio 

Hewlett-Packard Co. 
9920 Carver Road 
CINCINNATI, OH 45242 
Tel: (513)891-9870 
CH.CS.M 

Hewlett-Packard Co. 
16500 Sprague Road 
CLEVELAND, OH 44130 
Tel: (216)243-7300 
A,CH,CM,CS,E,M 
Hewlett-Packard Co. 
980 Springboro Pike 
MIAMISBURG, OH 45343 
Tel: (513)859-8202 
A,CH,CM,E*,M 
Hewlett-Packard Co. 
675 Brooksedge Blvd. 
WESTERVILLE, OH 43081 
Tel: (614) 436-1041 
CH,CM,CS,E* 

Oklahoma 

Hewlett-Packard Co. 
304 N. Meridian, Suite A 
P.O. Box 75609 
OKLAHOMA CITY, OK 73147 
Tel: (405)946-9499 
C,CH,CS,E*,M 
Hewlett-Packard Co. 
3840 S. 103rd E. Ave., #100 
P.O. Box 35747 
TULSA, OK 74153 
Tel: (918) 665-3300 
A*',C,CH,CS,M*,E,P* 

Oregon 

Hewlett-Packard Co. 
9255 S. W. Pioneer Court 
P.O. Box 328 
WILSONVILLE, OR 97070 



Pennsylvania 

Hewlett-Packard Co. 
50 Dorchester Rd. 
P.O. Box 6080 
HARRISBURG, PA 17111 
Tel: (717)657-5900 
C 

Hewlett-Packard Co. 
111 Zeta Drive 
PITTSBURGH, PA 15238 
Tel: (412) 782-0400 
A,CH,CS,E,M 
Hewlett-Packard Co. 
2750 Monroe Boulevard 
P.O. Box 713 
VALLEY FORGE, PA 19482 
Tel: (215)666-9000 
A,CH,CM,CS,E,M 

South Carolina 

Hewlett-Packard Co. 
Brookside Park, Suite 122 
1 Harbison Way 
P.O. Box 21708 
COLUMBIA, SC 29221 
Tel: (803) 732-0400 
A,C,CH,CS,M 
Hewlett-Packard Co. 
100 Executive Cntr. Dr. 
Koger Executive Center 
Chesterfield Bldg., Suite 124 
GREENVILLE, SC 29615 
Tel: (803) 297-4120 
C 

Tennessee 

Hewlett-Packard Co. 
One Energy Centr. #200 
Pellissippi Pkwy. 
P.O. Box 22490 
KNOXVILLE, TN 37933 
Tel: (615)966-4747 
A,C,CH,CS,M 
Hewlett-Packard Co. 
3070 Directors Row 
MEMPHIS, TN 38131 
Tel: (901) 346-8370 
A,C,M 

Hewlett-Packard Co. 

220 Great Circle Road, Suite V 

NASHVILLE, TN 37228 

Tel: (615) 255-1271 

C,M,P* 

Texas 

Hewlett-Packard Co. 
1 1002-B Metric Boulevard 
AUSTIN, TX 78758 
Tel: (512)835-6771 
C,CM,E,P* 

Hewlett-Packard Co. 
5700 Cromo Dr 
P.O. Box 12903 
EL PASO, TX 79913 
Tel: (915) 833-4400 
CH,E*,M" 



SALES & SUPPORT OFFICES 

Arranged alphabetically by country 



UNITED STATES (Cont'd) 

Hewlett-Packard Co. 

3952 Sand Shell St 

FORT WORTH, TX 76137 

Tel: (817) 232-9500 

A,C,CH,E,M 

Hewlett-Packard Co. 

10535 Harwin Drive 

P.O. Box 42816 

HOUSTON, TX 77042 

Tel: (713) 776-6400 

A,C,CH,CS,E,M,P* 

Hewlett-Packard Co. 

511 W. John W. Carpenter Fwy. 

Royal Tech. Center #100 

IRVINE, TX 75062 

Tel: (214) 556-1950 

C,CH,CS,E 

Hewlett-Packard Co. 

930 E. Campbell Rd. 

P.O. Box 83/1270 

RICHARDSON, TX 75083-1270 

Tel: (214)231-6101 

A,CH,CM,CS,E,M,P* 

Hewlett-Packard Co. 

1020 Central Parkway South 

P.O. Box 32993 

SAN ANTONIO, TX 78232 

Tel: (512)494-9336 

A,C,CH,CS,E,M,P* 

Utah 

Hewlett-Packard Co. 

3530 W. 2100 South 

P.O. Box 26626 

SALT LAKE CITY, UT 84126 

Tel: (801) 974-1700 

A,CH,CS,E,M 

Virginia 

Hewlett-Packard Co. 
4305 Cox Road 
GLEN ALLEN, VA 23060 
P.O. Box 9669 
RICHMOND, VA 23228 
Tel: (804) 747-7750 
A,C,CH,CS,E,M,P' 

Washington 

Hewlett-Packard Co. 
15815 S.E. 37th Street 
BELLEVUE, WA 98006 
Tel: (206) 643-4000 
A,CH,CM,CS,E,M 



Hewlett-Packard Co. 
708 North Argonne Road 
P.O. Box 3808 
SPOKANE, WA 99220-3808 
Tel: (509) 922-7000 
CH.CS 

West Virginia 

Hewlett-Packard Co. 
4604 MacCorkle Ave. 
CHARLESTON, WV 25304 
Tel: (304) 925-0492 
A,M 

Wisconsin 

Hewlett-Packard Co. 
275 N. Corporate Dr. 
BROOKFIELD, Wl 53005 
Tel: (414) 784-8800 
A,CH,CS,E*,M 

URUGUAY 

Pablo Ferrando S.A.C. e I. 

Avenida Italia 2877 

Casllla de Corrao 370 

MONTEVIDEO 

Tel: 80-2586 

Telex: Public Booth 90 1 

A,CM,E,M 

Mini Computadores, Ltda. 

Avda. del Ubertador Brig 

Gral Lavalleja 2071 

Local 007 

MONTEVIDEO 

Tel: 29-55-22 

Telex: 901 P BOOTH UY 

P 

Olympia de Uruguay S.A. 
Maquines de Oficina 
Avda. del Ubertador 1997 
Casilla de Correos 6644 
MONTEVIDEO 
Tel: 91-1809, 98.-3807 
Telex: 6342 OROUUY 
P 



VENEZUELA 

Hewlett-Packard de Venezuela OA. 

3RA Transversal Los Ruices Norte 

Edificlo Segre 1, 2 & 3 

Apartado 50933 

CARACAS 1071 

Tel: 239-4133 

Telex: 251046 HEWPACK 

A,CH,CS,E,M,P 

Hewlett-Packard de Venezuela C.A. 
Residencias Tla Betty Local 1 
Avenida 3 y con calfe 75 
MARACAIBO, Estado Zulia 
Apartado 2646 

Tel: (061) 75801-75805-75806- 
80304 

Telex: 62464 HPMAR 
C,E* 

Hewlett-Packard de Venezuela C.A. 

Urb. Lomas de Este 

Torre Trebol — Piso 11 

VALENCIA, Estado Carabobo 

Apartado 3347 

Tel: (041) 222992/223024 

CH.CS.P 

Albis Venezolana S.R.L. 
Av. Las Marias, Ota. Alix, 
ElPedregal 
Apartado 81025 
CARACAS 1080A 
Tel: 747984, 742146 
Telex: 24009 ALBIS VC 
A 

Tecnologica Medica del Caribe, C.A. 

Multicentro Empresarlal del Este 

Ave. Ubertador 

Edit. Ubertador 

Nucleo "C" ■ Oficina 5 1-52 

CARACAS 

Tel: 339867/333780 

M 



CIZUCA 

Cientifica Zulia C.A. 
Calle 70, Los Olivos 
No. 66-86 
Apartado 1843 
MARACAIBO 

Tel: 54-64-37, 54-63-85, 54-64-94 

Telex: 62144 

A 

YUGOSLAVIA 

Do Hermes 

General Zdanova 4 

Telex: YU- 1 1000 BEOGRAD 

A,CH,E,P 

Hermes 

Titova 50 

Telex: YU-6 1000 LJUBLJANA 
CH,CS,E,M,P 
Elektrotehna 
Titova 51 

Telex: YU-6 1000 LJUBLJANA 
CM 

ZAMBIA 

R.J. Tilbury (Zambia) Ltd. 

P.O. Box 32792 

LUSAKA 

Tel: 215590 

Telex: 40128 

E 

ZIMBABWE 

Field Technical Sales 
45 Kelvin Road, North 
P.B. 3458 
SALISBURY 

Tel: 705 231 
Telex: 4-122 RH 
E,P 

August 1984 
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HEWLETT-PACKARD COMPANY 
Roseville Networks Division 
8000 Foothills Boulevard 
Roseville, California 95678 
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